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ABSTRACT 
In recent years, globalisation, international trade and industry competition have become a part 
of the construction industry’s operative. In this regard, time and space are progressively 
diminishing as obstacles to deliver customised and best services to clients at constrained 
budgets and time frames. All these deliverables call for an innovative approach in conducting 
business with effective communication being a key to its success. It is for this reason that digital 
methods and processes are slowly becoming a requirement for any construction company in 
South Africa to keep abreast with competitors in the same market. Digitalisation is the term 
used to describe the optimisation of information that has been digitised to improve business 
operations. Companies around the globe are considering this digital transition in order improve 
bottom line figures. However, the introduction of digital methods that threaten processes that 
have been working for years is perceived as a risk. Previous research studies outline a wide 
range of benefits related to the implementation of digital technology in the construction 
industry; however, studies do not highlight the inherent critical risk factors. This reveals an 
information deficit, which this study sought to fill. This study therefore assessed risks that are 
related to digitalisation uptake in the South African construction industry. In pursuit of this, a 
quantitative approach was adopted with questionnaires used as the instrument for data 
collection from construction professionals in the Gauteng Province. The data gathered were 
analysed using descriptive inferential statistics such as percentage, mean item score, and factor 
analysis, while the reliability of the questionnaire used was tested using the Cronbach alpha 
test. The findings of the study revealed that digitalisation in the South African construction 
industry has only taken place on a basic level, primarily through the use of mobile phones and 
computers. The more intricate technologies featuring IoT, virtual/augmented reality, 
automation and similar technological tools have not yet been explored. If a holistic adoption of 
these digital technologies is achieved, findings revealed that construction organisations will 
enjoy specific project, company and site-related benefits. However, the critical risk factors 
associated with digitalisation are human and financial risks, technological risks, legal and 
security-related risks, operational risks, and socio-economic risk factors. The study further 
recommends that digital technology should be taken in bite sizes since the complete 
replacement of tasks with machines will exacerbate the socio-economic issues of this country. 
Re-skilling will counter the effects of job losses in areas where certain functions are at the risk 
of obsolescence. Companies should provide funds to educate and train staff for alternative skill 
sets when tasks are replaced by machines. 
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CHAPTER ONE 
 
INTRODUCTION 
 
1.1 BACKGROUND 
In recent years, globalisation and international trade and industry competition have become a 
part of the construction industry’s operative (Mukelas and Zawawi, 2012; Yaghoubi et al., 
2012:115). In this regard, time and space are progressively diminishing as obstacles to 
delivering customised and best services to clients at constrained budgets and time frames. All 
these deliverables call for an innovative approach in conducting business with effective 
communication being a key to its success. It is for this reason that digital methods and processes 
are slowly becoming a requirement for any construction company in South Africa to keep 
abreast with competitors in the same market (Ndungu’u, 2017; Vaduva-Sahhanoglu et al., 
2016:214). This being said, the adoption of technology to improve construction processes has 
been implemented as a plaster on a wound without realising that this method will be met with 
negative repercussions.  
The efficiency of means of production have become apparent throughout the progression of the 
4th industrial revolution which is driven by digitalisation. Moreover, industries such as 
manufacturing, mining and agriculture are continually making efforts to automate processes in 
order to increase productivity (Hewage et al., 2009:989 and Kim et al., 2015:347). The 
construction industry has, however, lagged behind in implementing digitalisation to its full 
potential and has been perceived to lack innovativeness (Folkesson and Lonnroos, 2018:8; 
Hander, 2017; Jensson, 2017:1). Tape measures and paper drawings are still commonly seen 
on site (Hudson, 2017:8). Recently however, there seems to be some cultural shift with the 
realisation that conforming to traditional methods will leave one’s company at the tail end of 
the value chain (Bimhub, 2017). 
The term ‘digitalisation’, according to Crampton (2017), suggests the act of utilising digital 
technology in our daily operations. Similarly, the definition offered by Bennen and Kreiss 
(2014) is the occurrence whereby an organisation, economic sector or country and the like 
adopts or amplifies the use of computer technology. Meyer (2017) offers that digitalisation is 
a term that covers all aspects of the 4th industrial revolution as well as the use of digital 
technology to improve non-manufacturing-based processes. Digitalisation and the use of 
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digital technology are used interchangeably in this study as the definition of digital technology 
refers to the use of information that has been converted to digital form and can be accessed 
through computers and the Internet (Ciowhitepapersreview, 2018). IGIglobal (2018) supports 
this definition by stating that digital technology is any technology device that operates by the 
execution of binary computational codes, for example, cellular phones, tablets, laptops and 
computers (IGIglobal, 2018). Along  the same lines, The World Economic Forum and its 
participants (2018:8) relate BIM (building information modelling), wireless sensors, automated 
and robotic equipment and 3D-printing as tools associated with the concept of digital 
technology, while PCmag (2018)  refers to digital technology as being the use of computer-
based products or solutions.  
Industry players across the globe realise the advantage of digitalising their businesses and 
processes. Moreover, a myriad of publications is available that highlight the benefits associated 
with developing digital methods in construction or within a construction business. 
Furthermore, there is an understanding that these benefits will result in better production as 
well as improved management over the future life cycle of a building over and above the 
reduction of cost, time and the improvement of quality and safety (Gerbert et al., 2016; Shinde 
and Hedaoo, 2017). However, there is a deficit in information that answers the question as to 
why the construction industry has lagged in innovativeness beyond the barriers of establishing 
a digitalised industry but specifically pertaining more to the negative aftermaths posts digital 
technology uptake. 
Berger (2016:10) in a report outlined the benefits of implementing innovative processes in 
construction. The report states that 70% of construction workers’ time is devoted to tasks other 
than what their primary activities should be; digital technology is able to change this. Tasks 
such as procurement and delivery of materials can be completed more efficiently by the use of 
supply software, for example, likewise; the use of labour and plant can be enhanced with smart 
connected construction machinery which are able to communicate with one another through 
the Internet of Things (IoT). The standard utilisation of smart devices eliminates time spent on 
mundane tasks to allow construction workers to focus on their principal activities. It is 
suggested that, with drone-powered solutions and robotics, sites can be 3D-scanned to detect 
underground water pipes, electrical and fibre optic cables and the like. This information can be 
digitally captured and immediately made available to the project managers for planning 
purposes (Thompson, 2017:5).  
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Regarding the importance of data capturing and analysis, adequate and comprehensive 
communication is vital on site and amongst consultants throughout a project. Mobile cloud 
solutions make this simple by allowing information to be accessible at any time. Moreover, 
software such as BIM enable digital simulations of buildings at the inception and planning 
phases of a project, enabling consultants to collaboratively share ideas and detect risks and 
ways to overcome them even before a single brick is laid (Berger, 2016). As mentioned before, 
information regarding the benefits of using digital processes is available to construction 
industry players; the issue lies with the practical and successful implementation thereof 
including the risks involved.  
Notwithstanding all the potential benefits of digitalisation, there are a number of factors that 
threaten its adoption. Human resources and business operations, socio-economic factors, 
government policies, education and training all have an effect on digitalisation uptake. The 
introduction of innovative methods that threaten processes that work or have been working for 
years is perceived as a risky act (Heikkila et al., 2013; Hwang et al., 2003:1: Vass and 
Gustavsson, 2017:598). Henderson and Ruikar (2010) corroborate this point in their study by 
revealing that the slow rate and unsuccessful technological application has been incorrectly 
attributed to the technology itself, without realising that digitalisation is not simply a 
replacement of traditional methods by computerised and network linked processes but a 
transition that requires human integration in terms of teaching and mental preparation. This 
highlights the importance of change management (Vass and Gustavsson, 2017:598), as well as 
emotional and behavioural issues that need to be constantly considered (Henderson and Ruikar, 
2010; Murray, nd: 15; Rezgui and Zarli, 2006:768). 
Previous research by Adzroe and Ingirige (2014:6), Berger (2016:10), Murray (nd: 3) and Vass 
and Gustavsson (2017:598) outlines a wide range of benefits related to the implementation of 
digital technology in the construction industry. However, studies do not highlight the critical 
risks factors inherent. This reveals an information deficit: it is imperative therefore to explore 
risks that are related to digitalisation uptake in the construction industry. This first step will 
lead to the solicitation and recommendation on ways to mitigate these critical risk factors. The 
overall objective is to motivate decision-makers in the construction sector to actively take 
advantage of this much needed innovation as well as providing information to those who will 
be affected by digital transformation. 
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1.2 MOTIVATION FOR THE STUDY 
Notwithstanding the extensive research conducted on the subject of digitalisation and the 
impact it will have on the construction industry, insufficient information is available regarding 
the critical risk factors a digitalised construction industry will attract. The construction industry 
plays a vital role in any country’s economy based on its nature to intertwine with other sectors. 
It is for this reason that adopting digital technology will prove to be a very disruptive process 
(Jacobsson, Linderoth and Rowlinson, 2017:1). According to the Construction Industry 
Development Board (CIDB, 2017), multiple sectors benefit from the construction industry: its 
pervasive nature plays a significant role in the government’s plan to reduce the unemployment 
rate that currently stands at 27.7%. In addition, a PricewaterhouseCoopers (PwC) report 
revealed that the construction industry in the year 2016 contributed an average of 3.9% to South 
Africa’s GDP (Lekula, 2018). This reveals how paramount the success of the construction 
industry is. Digitalisation will result in value realisation, including the reduction of project 
costs and time, resulting in an increase in revenue (Sekau, 2012). For that reason, it is now time 
for a technological disruption as observed by Murray (nd: 3).  
Decision-makers in the architectural, engineering and construction industry are unsure about 
digitalisation with regard to the benefits that will result from it (Lavikka, 2018) based on the 
lack of practical success stories that are “close to home”. Moreover, a plethora of studies 
conducted on digitalisation in the construction industry mainly focus on the benefits as well as 
obstacles to its implementation (Herr and Fischer, 2017:180). However, not much research has 
been done on the critical risk factors that digital technology will attract. This reveals a lack of 
knowledge and understanding with regard to digitalisation risks. As a result, this research will 
ascertain critical risk factors associated with the adoption of digital technologies in the South 
African building sector in order to fill this knowledge gap. 
 
1.3 SIGNIFICANCE OF THE STUDY 
Buildings are used as residential, healthcare, educational, social and leisure facilities. This 
results in their being the cornerstone of the functioning of every market in the economic and 
social field (Vaduva-Sahhanoglu et al., 2016:214). Hence, the successful completion of 
construction projects in terms of design, construction and operation is crucial (Gerbert et al., 
2016). Digitalisation has proven to be a vital tool in achieving this feat (Adzroe and Ingirige, 
2014:6; Berger, 2016:10; Vass and Gustavsson, 2017:598).  The construction industry’s 
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motivation to accomplish the effective adoption of digital technology should not be viewed in 
isolation but as a source for the country’s holistic development by virtue of the benefits it will 
attract.  
The under-performance of the construction industry calls for innovative methods in conducting 
business based on the potential benefits thereof. Highlighting the risks associated with 
digitalisation in the construction industry is essential to its successful implementation 
(Benmansour and Hogg, 2002; Hwang et al., 2003:1). In the same way, it is important to note 
that identifying and understanding a potential risk and coming up with strategies to lessen its 
impact is a proactive tool that allows a quick recovery should anything not go according to 
plan. Digitalisation requires funds and collaboration between multidisciplinary fields, amongst 
other factors (Jacobsson et al.,2017:3). Yet socio-economic influences, education and training, 
corporate policies and operations, and government regulations play a significant role in 
influencing the adoption process. Consequently, this research examines the risks associated 
with these factors in order to accelerate digital transformation in the South African construction 
industry.  
Digitalisation uptake in the South African construction industry will result in the country’s 
broader participation in the global market. Information sharing, skill outsourcing, education 
and training will cease to have space and time barriers (Adzroe and Ingirige, 2014:6). This 
study initiates the realisation of a high-level digital transformation potential for the construction 
industry by highlighting the risks as a proactive planning approach to digitalisation 
implementation. 
 
1.4 PROBLEM STATEMENT 
Ahmad and Perkinsons (2006:5) note that a number of research studies have highlighted the 
slow progress in the implementation of digital technology by the construction industry and 
suggest that this is probably as a result of inadequate analysis of the negative impact that these 
tools will have on the industry as well as the lack of a methodology for planning and 
implementation of these  tools. 
Gerbert et al. (2016) posit that although there have been a number of obstacles to digitalisation 
adoption such as high initial investment costs and the lack of practical success stories, these 
barriers are slowly diminishing through government incentives and an increase in companies 
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who are taking a chance with innovative methods of conducting business.  However, this has 
not been the case for the South African construction industry; digitalisation uptake is still 
occurring at a slow rate (Chimhundu, 2015:1; Harris, 2017).  According to Benmansour and 
Hogg (2002), the factors that impede innovation implementation are both endogenous and 
exogenous.  These factors include inadequate infrastructure, education and training shortages, 
and the lack of use of skills and talent in society and legal policies. Moreover, what needs to 
be looked at as a barrier includes internal issues, for example, short term objectives, non-
involvement of executive management, a number of red tape policies, financial department 
practices and insufficient incentives.  
The construction industry in most developed and developing countries is allegedly the slowest 
relative to other industries when it comes to adopting innovative methods such as digitalisation 
due to the risks involved. The situation is worse in developing countries as no visible evidence 
of transformation is seen in the construction industry (Castagnino et al., 2016: 1). If this sector 
has any intention of transforming and improving project delivery, understanding the risks 
involved in the adoption of digitalisation is important. Through this, participants will be able 
to understand what to avoid or retain in the quest for attaining a digital transformation.  Apart 
from the slow adoption of digitalisation within the construction industry of most developing 
countries, of which South Africa is no exception, there is also a gap in literature with regard to 
the risk associated with digitalisation in the industry. Apparently, more studies have focused 
on the adoption, challenges and benefits associated with digitalisation. Understanding the risk 
associated with this obviously beneficial concept will go a long way towards a proper digital 
transformation of the South African construction industry.  
It is based on this knowledge that this study assessed the risk associated with digitalisation in 
the South African construction industry with a view towards achieving a more digitalised sector 
with better project delivery, an industry where company human resources, operations and 
construction sites effectively utilise automation, IoT, drones, BIM, big data, and cloud 
computing,  to name but a few digital resources of which the industry can take advantage. 
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1.5 RESEARCH QUESTIONS 
This research will answer the following questions: 
i. What are the types of digital tools used in the South African construction industry?  
ii. What is the level of digitalisation uptake in the South African construction industry?  
iii. What are the perceived benefits of digitalisation in the South African construction 
industry? 
iv. What are the critical risk factors associated with the digitalisation of the South 
African construction industry? 
v. What are the practical measures for mitigating these critical risk factors that are 
associated with the digitalisation of the South African construction industry? 
 
1.6 OBJECTIVES OF THE STUDY 
In order to achieve the aim of this study which is to assess the risks associated with 
digitalisation in the South African construction industry, the following objectives have been 
set: 
i. To note the awareness of digital tool by construction professionals in the South 
African construction industry; 
 
ii. To assess the level of digitalisation uptake in the South African construction 
industry; 
iii. To assess the perceived benefits of digitalisation of the South African construction 
industry; 
iv. To determine the critical risk factors associated with the digitalisation of the South 
African construction industry, and 
v. To determine the practical measures for mitigating the critical risk factors 
associated with digitalisation in the South African construction industry. 
 
1.7 PURPOSE OF THE STUDY 
Digitalisation is the act of taking advantage of digitisation (the process of converting analogue 
information into digital data) to improve business (De Groen and Lanaerts, 2016). A digitalised 
company is one that utilises automation in order to fast track processes which, if performed 
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manually, would have taken much longer or would be subject to human error (Vaduna-
Sahhanoglu et al., 2016). 
This research stems from information related to the manner in which digitalisation will advance 
the construction industry and the observation of the industry’s hesitation with the 
implementation thereof. It is because of this observation that risks linked to digital technology 
adoption were assessed, particularly within the South African construction environment, by 
highlighting the inherent threats. This process was done to call upon future research to focus 
on methods to diminish or possibly alleviate the underlined risk factors which ultimately drive 
a pro-active approach for stakeholders as well as construction professionals in preparing for a 
digitalised industry.  
Risk identification is a preparatory method that will lead to a smooth transition into effective 
technological disruption within the South African construction industry. This study highlighted 
risks that digitalisation attracts. The purpose of this is to steer away from an industry reputation 
of being reactive when seizing an opportunity that will potentially alleviate all challenges that 
plague the construction industry such as budget and time overruns and inferior quality.  
 
1.8 VALUE OF THE STUDY 
Digitalisation uptake should not be regarded as a simple and superficial solution for an 
organisation’s progression; the transition from paper-based activities to digitised methods is 
not the only consideration in terms of digitalisation. What it means is that outdated 
organisational processes need to be uprooted and changed for the accomplishment of a 
technologically advanced enterprise (Murray, nd: 4). The transition process needs to begin with 
an evaluation of how the company currently operates, its structure and culture and then an 
appraisal of how digitalisation will affect these processes (Kuusisto, 2017). As a result, the 
assessment of risk will contribute information revealing undesirable consequences after the 
implementation of digitalisation in the construction industry in South Africa. The negative 
effects will be both endogenous and exogenous. This will drive informed decision-making by 
stakeholders who realise the benefits of digitalisation and who therefore intend to spearhead 
this transformation. It is noted that, “The courage to act boldly in the face of apparent 
uncertainty can be greatly bolstered by the clarity of portrayal of the risks and possible rewards” 
(Taylor and Smith, 2000:2). 
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While innovation, automation, robotics, digital technology and many other related topics have 
been thoroughly investigated with regard to information about benefits and implementation 
barriers, there is currently insufficient information regarding the risks involved after the 
successful adoption of digitalisation in the South African construction industry. This research 
will fill this gap by highlighting the inherent risk factors in order to allow interested parties to 
make an informed decision when investing in this revolutionary process. 
 
1.9 RESEARCH METHODOLOGY 
This section of the study outlines the approach implemented to achieve all the objectives pre-
set above in order to deduce a conclusion and to recommend areas for future research. The 
geographical area, method and design, how information will be collected and analysed and the 
research scope will be explained. The purpose of this research is to assess critical risk factors 
related to the employment of digital processes in the South African construction industry.  
In order to lay out a basis for the study, the current state of the South African construction 
industry will be investigated to evaluate the systems and processes that are currently used. This 
will later reveal the extent of lag and the reasons associated with it. Essentially, this study will 
begin the process of preparing for a technological transition by detecting risks and 
recommending associated risk response and mitigation strategies.  The overall goal is to 
attempt as best as possible a smooth transition into complete construction industry 
digitalisation. 
 
1.10 RESEARCH APPROACH AND DESIGN 
This study utilised both empirical and theoretical data as they facilitated a cross-verification of 
information from construction industry participants and stakeholders through questionnaires 
and available literature.  
Furthermore, available literature was analysed through Internet information, books and 
published research material. This section described the process undertaken to gather 
information from the viewpoint of industry participants regarding the topic under investigation.  
Moreover, the chosen sample was described, including the geographical area under study as 
well as the sample and data collection instrument.  
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1.11 RESEARCH AREA AND TARGETED RESPONDENTS 
This research was limited to the Gauteng geographical area in South Africa. It solicited 
information and insights from construction company employers and construction professionals 
at all levels, randomly. 
 
1.12 SAMPLE AND DATA COLLECTION 
The primary data for this research was collected by the means of questionnaires that were 
distributed electronically. This was for the purpose of facilitating ease and convenience for 
participants who are pressed for time. The secondary data was sourced through a literature 
review from published material. 
 
1.13 RESEARCH SCOPE (DELIMITATION) 
Throughout the years there has been an observed trend in people moving to the “City of Gold”, 
as it is popularly known, in the pursuit of a better quality of life. Out of nine provinces in South 
Africa, Gauteng is the smallest province by area but accommodates the highest number of 
inhabitants and the numbers are adding up on a daily basis (Sen Nag, 2018). This surge calls 
for the development of infrastructure and housing in order to cater for this growing population. 
It was for that reason that Gauteng was the main focus of this study, as well as the ease in 
reachability of participants. This study assessed construction industry participants both at head 
office and site level. 
This study only targeted construction professionals, namely quantity surveyors, architects, 
construction managers, construction project managers, and engineers in the Gauteng region in 
order to solicit insight in terms of their knowledge regarding digitalisation. But more 
importantly the risks involved. Gauteng was chosen as the study area since it is the most 
developed and highly populated province relative to the other provinces in South Africa.  
Moreover, this study only assessed the awareness of digital tools, the usage of digital tools, 
benefits associated with the adoption of digitalisation, the critical risk factors that occur after 
digitalisation adoption as well as risk mitigation strategies that can be effected in the 
construction industry in Gauteng, South Africa. 
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1.14 ENVISAGED FINDINGS 
Notwithstanding all the benefits that digitalisation adoption promises, there are some negative 
factors that become apparent after its successful implementation. Other than the possibility of 
a negative return in investment, and inadequate infrastructure such as Internet connections, the 
risks involved are more human prone as opposed to the technology itself (Yaghoubi et al., 
2012:115). Government policies, construction contracts, return on investment, human 
resources, socio-economic influences, as well as company operations and culture are all risk 
factors associated with the digitalisation of the South African construction industry. 
 
1.15 OVERVIEW OF CHAPTERS 
Chapter One  Introduction 
This chapter provides a synopsis of the study. It commences with a discussion of the overview 
of the research together with the motivation and significance of the study. It uses the problem 
statement to highlight the main issue under enquiry followed by the research questions which 
guided the investigation and explain what the study aims to achieve, including its purpose. 
Subsequently, a summary of the methodology with regard to the approach, data collection and 
scope of the research is given. The chapter concludes with the envisaged findings and 
highlights of the establishment of the chapters to follow. 
 
Chapter Two  Theoretical review of digitalisation in the Construction Industry 
This chapter discusses an overview of the digitalisation phenomenon in terms of what it means, 
the resources available, including the benefits of its implementation, and reasons for non-
implementation in the construction industry. Additionally, the issues calling for a digitalised 
built environment are indicated. This chapter also reveals why it is important to address the 
risks involved with a technological transformation.  
 
 
 
12 
 
Chapter Three Digitalisation in the Construction industry: an international 
perspective  
The importance of highlighting risk factors associated with a digital transformation cannot be 
stressed enough. Kurzlechner (2015) cited in Abolhassan (2017) states that should a 
digitalisation implementation plan fail, the prospective losses could be up to € 605 billion in 
Europe. For instance, in countries such as Germany and China, the benefits of digitalisation 
are understood and the transition is on track. This chapter discusses how digitalisation has 
shaped the success of the construction industry in these regions together with the obstacles 
encountered and how they were resolved. 
Chapter Four           An African perspective 
The successful adoption of digital technology depends on risk identification and mitigation. 
hence the obstacles encountered on the path to digital transformation need to be addressed. 
Digital divide, as an example, is one of the factors that hinder technological disruption. In sub-
Saharan countries in particular network connections, communication infrastructure and the 
purchase amount of computer devices are major hindrances (Adzroe and Ingirige, 2014:6; 
Gyamfi, 2005).  This section discusses the state of adoption of digital technology in Africa as 
well as the obstacles faced throughout the process, also included in this section is the 
assessment of the state of digitalisation in South African construction companies  to deduce the 
level of uptake and to find out which processes are currently put in place.  
 
Chapter Five  Research Methodology 
The method utilised to conduct this research project is described in the fifth chapter. 
Information is given on the geographical location, scope and the sampling choice, data 
collection methods and how the information collected was analysed and interpreted. 
Chapter Six Data analysis and interpretation of survey results 
From published material and a questionnaire, information was collected, and thereafter 
analysed in order to draw conclusions and recommendations. This chapter explains the 
techniques used. 
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Chapter Seven Discussion of findings 
In this chapter the theoretical research is compared to the empirical findings. Moreover, this 
section contextualises the interpretation of the survey results with the set objectives. It will be 
revealed in this chapter whether the research questions have been answered and whether the 
objectives have been met and if not, reasons will be provided. 
Chapter Eight Conclusions and recommendations 
The final chapter of this study will draw conclusions and recommendations for the purpose of 
further research as a basis of the limitations. It is an overview of the entire study, inclusive of 
the analysed data. In this chapter, the researcher responds to the research questions and further 
justifies the objectives. Thereafter, recommendations will be provided for further studies. 
These recommendations may be similar to the research topic of digitalisation risks as a 
proactive step for digital technology uptake in the South African construction industry. 
 
1.16 CONCLUSION 
 The first chapter is an introduction to the study and explains the background, the reasons why 
this work is of value, including how and where the research was conducted. Lastly, it gives an 
outline of the chapters that follow. 
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CHAPTER TWO 
 
THEORETICAL REVIEW OF DIGITALISATION IN THE CONSTRUCTION 
INDUSTRY 
 
 
2.0 INTRODUCTION 
In this chapter, previous studies are examined and information gathered regarding the 
characteristics of the construction industry, its importance, and the challenges it encounters. 
Furthermore, the ‘digitalisation’ concept is introduced and contextualised in relation to the 
challenges that face the construction sector, including the solutions it provides. There are a 
number of factors that are barriers to the implementation of digital tools in the construction 
industry; these are discussed together with the risks involved. Lastly, risk mitigation methods 
are prescribed to conclude the chapter. 
2.1 OVERVIEW OF THE CONSTRUCTION INDUSTRY 
On a global analysis and by virtue of its contribution, the construction industry is counted as 
one of the biggest sectors of the economy and a good way to gauge the performance thereof 
(Lekula, 2018; Koen and Rust, 2011:14). The built environment contributes significantly to 
any country’s gross domestic product (GDP) (Kim et al., 2015:347; Nazarko, 2015:291). 
Furthermore, Lekula (2018) cites the PWC report in affirming the construction industry’s 
contribution in job creation as well as overall economic growth.  Its progress is essential and 
should not be taken for granted. This is also the fact relative to the economy of South Africa 
which is to a significant extent reliant on the improved investment in and the successful 
progress of the built environment (Hlahla, 2013:4). 
According to the CIDB (2017), from the year 2008, 8% of both registered and unregistered 
jobs in South Africa have been created from the construction sector. On the other hand, the 
construction sector’s performance has a ripple effect on other markets, for example, during the 
preparation of the 2010 Soccer World Cup, the industry experienced a peak after the 2007-
2008 economic recession. Since this peak, however, large infrastructure projects have dried up 
(Koen and Rust, 2011:2), leading to steep competition and low margins. Moreover, 
manufacturers and suppliers of building material such as cement and other aggregates are also 
negatively affected (Lekula, 2018).  
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 More importantly and on an optimistic note, the construction sector plays a vital role in dealing 
with challenges that are encountered worldwide, such as the acquisition of green building 
standards, for example, over-population of cities and ageing infrastructure (Lavikka, 2018:1). 
Owing to the possibility of opportunities as well as prospects of a better quality of life, there is 
an influx of people who are moving into urban areas. This results in the need for increased and 
improved infrastructure to cater for this population escalation within a usually confined area 
(Dangalazana and Ncwadi, 2005:2: Edwards and Parn, 2019:247; Hudson, 2017:2). All this 
points out to a need for methods to improve productivity in the construction domain in order 
to narrow the infrastructure deficit. Nevertheless, the process will be met with a number of 
challenges. 
2.2 CHALLENGES FACING THE CONSTRUCTION INDUSTRY 
There are a number of issues that face the construction industry in the present day.  These 
include low productivity, a decrease in quality, skill shortages, narrowing private and public 
infrastructure budgets, lack of innovation, high infiltration of the market by small and medium 
enterprises (SMEs) as well as low profit margins for contractors (Dangalazana and Ncwadi, 
2005:1; Hlahla, 2013:1; Kamaruddin et al., 2015:111; Koen and Rust, 2011:4; Proverbs et al., 
2000:1). Moreover, the industry is struggling to overturn the stigma of cost overruns, time 
delays and consequently client dissatisfaction. Argwal et al. (2016:6), Armstrong and Gilge 
(2016:4) and Oladapo (2006:13) found that one of the contributory factors of these issues is 
that the sector still depends on manual processes such as information being provided in paper 
format as well as inefficient communication methods. Consequently, it is cited that 
approximately 67% of the issues that are encountered in the construction domain are from 
insufficient exchange of data and information (Oladapo, 2006:5). 
On a worldwide analysis, it is revealed that half of the world’s infrastructure needs can be 
catered for by the resultant budget and time savings from an improved construction industry in 
terms of productivity. Moreover, 98% of current construction projects are either delayed or do 
not meet the initial project budget (Thompson, 2017:3). Thompson (2017:3) continues by 
stating that negative productivity within the construction sector is as a result of insufficient 
investment in innovation and skills. What is also a contributory factor is the constant change 
of customer needs for building functionality and the demand for complex designs without being 
flexible with regard to delivery time and budget (Miner and Thomson, 2006:1). Furthermore, 
factors such as public sector budgets, globalisation and a high demand for housing are also 
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contributory factors (Seaden, 1996, cited in Barthel and Gerhard, 2001:2).  These challenges 
highlight a need for a positive change in the construction and sustainability of buildings, 
including the elimination of unnecessary overheads. 
The construction domain is facing an era of intense skill shortages despite the high 
unemployment rate, particularly in South Africa (Koen and Rust, 2011:1). Seeing that 
millennials are increasingly eager to opt for higher education and training, the number of people 
that work in blue-collar jobs is slowly decreasing, according to Windapo (2016:3). Skills 
possessed by experienced and aging engineers, including highly skilled foremen, cannot be 
transferred (Datta, 2000:2:  Mahbub, 2008:3). Also, the aging workforce that is still willing to 
work is averse to advanced technological methods. According to Garcia De Soto et al. (2018) 
cited in Folkesson and Lonnroos (2018:1), the construction industry is perceived as a 
‘traditional’ sector with an ageing workforce that is resistant to change. This puts the risk on 
return on investment into digital software since employees will simply refuse to use it and 
gravitate to out-dated processes with which they feel comfortable. This will be done without 
realising that the adoption of technological tools bodes well for the industry. Toole (2003:5) 
also corroborates this point in his study where he found that the more senior workers in a 
company were less enthusiastic about using IT systems and were less capable of grasping how 
the systems function as compared to younger employees.  
2.3 DIGITALISATION IN THE CONSTRUCTION INDUSTRY 
 
2.3.1  Defining digitalisation 
 
The term ‘digitalisation’ is rapidly gaining popularity, but what does it actually mean? 
According to Kalavendi (2017:2), the term ‘digitalisation’ refers to “…the adoption or increase 
in use of digital or computer technology by an organisation, industry, country etc.”  Although 
the South African concise dictionary defines the term ‘digitalise’ as another term for ‘digitise’ 
(Oxford, 2008:325), the two terms are not used interchangeably in this study as they do not 
have the same meaning. Effectively, the table below distinguishes between the various terms 
that form part of this research. 
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Table 2. 1:  Definition of digitalisation-related terms  
 Digitalisation Computerisation Digitisation Digital technology 
1 The use of digital technologies to change a 
business model and provide new revenue and 
value-producing opportunities; it is the process of 
moving to a digital business. 
- IT Glossary 
- https://www.gartner.com/it-
glossary/digitalisation/ 
- 07/08/2018 
The definition of computerisation 
involves the process of taking 
activities or tasks not previously 
done on the computer and shifting 
them to being done on the computer. 
- Yourdictionary.com 
- http://www.yourdictionar
y.com/computerisation 
- 09/08/2018 
Digitisation is creating a digital (bits and bytes) 
version of analogue/physical things such as paper 
documents, microfilm images, photographs, 
sounds and more. So, it’s simply converting and/or 
representing something non-digital (other 
examples include signals, health records, location 
data, identity cards, etc.) into a digital format 
which then can be used by a computing system for 
numerous possible reasons. 
-I-Scoop 
- https://www.i-scoop.eu/digitisation-
digitalisation-digital-transformation-disruption/ 
-07/08/2018 
 
Digital technology includes all types of electronic 
equipment and applications that use information in 
the form of numeric code. This information is 
usually in binary code—that is, code that can be 
represented by strings of only two numeric 
characters. These characters are usually 0 and 1. 
Devices that process and use digital information 
include personal computers, calculators, 
automobiles, traffic light controllers, compact disc 
players, cellular telephones, communications 
satellites, and high-definition television sets 
- Quora 
- https://www.quora.com/What-are-digital-
technologies 
- 09/08/2018 
2 In business, digitalisation most often refers to 
enabling, improving and/or transforming business 
operations and/or business functions and/or 
business models/processes and/or activities, by 
leveraging digital technologies and a broader use 
and context of digitized data, turned into 
1. The act of simply representing, 
within a virtual environment, a pre-
ordered architectural project. Learn 
more in: The Post-Parametric 
Attitude in the Digital 
Materialisation of Architecture: 
Beyond the Automation in 
Representation towards the 
Digitisation refers to creating a digital 
representation of physical objects 
- Api product management 
- https://medium.com/api-product-
management/what-is-digital-
The branch of scientific or engineering knowledge 
that deals with the creation and practical use of 
digital or computerized devices, methods, systems, 
etc.: 
advances in digital technology. 
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actionable, knowledge, with a specific benefit in 
mind. 
-I-Scoop 
- https://www.i-scoop.eu/digitisation-
digitalisation-digital-transformation-disruption/ 
-07/08/2018 
 
Emerging Digital Fabrication 2. The 
activity of facilitating or automating 
procedures or activities by means of 
electronic computer. Learn more in: 
Employee Preparation, 
Participation, and Performance 3. 
Job automation by means of 
computer-controlled equipment. 
Learn more in: Essential Skills for 
the 21st Century Workforce 
- IGI Global 
- https://www.igi-
global.com/dictionary/co
mputerisation/516607/08/
2018 
- 09/08/2018 
 
transformation-digitalisation-and-
digitisation-c76277ffbdd6 
- 07/08/2018 
 
 
 
 
 
 
  
a digital device, method, system, etc., created by 
using this knowledge: 
the invention of the Internet and other digital 
technologies. 
the application of this knowledge for practical ends, 
as in digital communications and social media. 
- Dictionay.com 
- https://www.dictionary.com/browse/digit
al-technology?s=t 
- 09/08/2018 
3 Digitalisation refers to enabling, improving or 
transforming business process by leveraging 
digital technologies (e.g., APIs) and digitized data. 
That means that digitalisation presumes 
digitisation as described in the previous section. 
- Api product management 
- https://medium.com/api-product-
management/what-is-digital-
Convert to a system or form which is 
controlled, stored or processed by 
computer 
- The South African 
Concise Oxford 
Dictionary Ed. 2008 page 
238 
 Covert (Picture or Sound) into a digital form that 
can be processed by a Computer 
- The South African Concise Oxford 
Dictionary Ed. 2008 page 325 
 
Any technological device that functions through a 
binary computational code such as mobile phones, 
tablets, laptops, computers, etc. Learn more in: 
Developing English Language Teachers' 
Professional Capacities through Digital and Media 
Literacies: A Brazilian Perspective 
- IGI Global 
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transformation-digitalisation-and-
digitisation-c76277ffbdd6 
- 07/08/2018 
 
 - https://www.igi-
global.com/dictionary/digital-
technology/7723 
- 09/08/2018 
 
 Digitalization is the generic term for the Digital 
Transformation of society and the economy. It 
describes the transition from an industrial age 
characterized by analogue technologies to an age 
of knowledge and creativity characterized by 
digital technologies and digital business 
innovation 
- Innolytics 
- https://innolytics-innovation.com/what-
is-digitalization/ 
- 16/05/2020 
The process of starting to use a 
computer to do something that was 
done by people or other machines 
before 
- Cambridge dictionary 
- https://dictionary.cambrid
ge.org/dictionary/19nglis
h/computerization 
- 16/05/2020 
to put information into the form of a series of the 
numbers 0 and 1, usually so that it can be 
understood and used by a computer 
- Cambridge dictionary 
- https://dictionary.cambridge.org/diction
ary/english/digitize?q=digitisation 
- 16/05/2020 
Digital technologies are electronic tools, systems, 
devices and resources that generate, store or process 
data. Well known examples include social media, 
online games, multimedia and mobile phones. 
- Victoria State Government  
- https://www.education.vic.gov.au/school/
teachers/teachingresources/digital/Pages/t
each.aspx 
- 16/05/2020 
Source: Researcher’s compilation (2018)
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2.3.2 Digital tools and practices used in the construction industry 
For developing countries in particular, the construction industry has experienced some progress 
when it comes to the uptake of digital tools (Mathau, 2005:37).  Mathau (2005:37) further states 
that there is a shift in the level of digitalisation of the construction industry where previously 
computers were only used for communication, data capturing and payrolls, for example. 
However, in recent years there are a number of tech tools that can be used by any specialist and 
at any stage of the project. These tools facilitate efficient designs and drafting, building 
visualisations, design appraisals, project management, information storage and retrieval, cost 
estimation, structural analysis, on-site management, facilities management and many more.  
Below are examples of the digital technology used in the construction industry: 
i. Computer-aided design (CAD) and building information modelling (BIM) 
CAD has been integrated in most architectural and construction enterprises as a means of 
digital design and presentation of concepts. This function was introduced with the intention of 
speeding up the traditional paper format of drawing. According to Jensson (2017:1), this 
technology has improved over the years and now involves an enormous range of applications 
which have essentially changed the manner in which companies operate and organise most of 
their functions. 
BIM is progressively gaining popularity in the industry. This tool displays a digital simulation 
of a proposed building in 3D-format as well as intelligent geometrical relationships between 
the building components and functions (Chimhundu, 2015:7). One of its advantages is that 
multidisciplinary firms are able to contribute their input in terms of design and build-ability 
before the project begins, which consequently eliminates the occurrence of errors and reworks.  
Other benefits associated with the use of BIM include efficient collaboration through effective 
communication and precise quantity take-offs (Chimhundu, 2015:7; Jensson, 2017:2).  
Adeyemi et al. (2016:2) list the different functions of BIM: The tool is able to facilitate a 
number of views of data about a structure, which can be done in 2D (Simple CAD), 3D 
(visualisation), 4D (programming), 5D (estimating), and 6D (operations and maintenance).  
Adeyemi et al. (2016:3) also highlight that BIM in the South African construction industry is 
adopted in silos and rarely used to its full capabilities, the only function that is mostly used 
being 3D for visualisation. 
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ii. The Internet of Things 
There are a number of functions that can be categorised under the umbrella term of ‘Internet’ 
i.e. interconnected networks. Essentially, the Internet is the worldwide network of computer 
systems which give access to a variety of information and communication facilities (Cerf and 
Kahn, 1999:3).   In most instances the Internet is used for the search of information or for 
communication through e-mails. There are a variety of functions that fall under this term.  The 
definition offered by Sikes (2000:1) is that “The Internet is simply a library, instant access to 
everything, good and bad. The Internet is the telephone, the Internet is a circle of friends, the 
Internet is billboards, the Internet is radio, the Internet is television, the Internet is books, the 
Internet is journals, the Internet is discussion in a bar, the Internet is a church bazaar. The 
Internet is anything. It’s nothing but a medium.”  
 
A number of larger companies in the construction sector have developed an intranet to ease the 
flow and access of information. Moreover, a database is created for archiving even for instances 
when a virtual platform is required for collaboration and where different parties are 
geographically dispersed (Chan and Liu, 2007:182). 
 
Lopes (2013:3) describes the Internet of Things (IoT) as a system where “…items in the 
physical world, and sensors within or attached to these items are connected to the Internet via 
wireless and wired Internet connections. These sensors can use various types of local area 
connections such as RFID, NFC, Wi-Fi, Bluetooth, and Zigbee. Sensors can also have wide 
area connectivity such as GSM, GPRS, 3G, and LTE.” Mahmud et al. (2018:45) further 
describe it as the connection of physical objects without human intervention through a network 
which allows the detection, control, and programming of objects automatically. This facilitates 
simple and quick monitoring and collection of information for the maintenance of machinery 
and buildings (Ahmad and Perkinsons, 2006:4). 
 
By overcoming a number of barriers such as IT infrastructure and cyber security, the public 
sector in the country carries out most of its procurement through its ‘e-tender’ website which 
makes it a pre-requisite for any firm conducting business with the government to be registered 
on the Central Supply Database (CSD). Nonetheless, these efforts have not been adequately 
carried through across the industry (Ibem and Laryea, 2015:365). 
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iii. Cloud computing and big data 
Although cloud computing can have several meanings, SAGE (2012:3) defines it as the storage 
of data outside of the firewall of a company through virtual servers that can be accessed by 
means of the Internet without having to introduce additional IT infrastructure within a 
company. Similarly, Cheng and Kumar (2010:1) define it as “…a general term for anything 
that involves delivering hosted services over the Internet”. This form of data storage works 
well for the construction industry because of its inconsistent nature when it comes to employees 
as well as location. According to Cheng and Kumar (2010:2), cloud computing can be used for 
a variety of functions within the construction industry such as the storage of architectural 
schematics, structural analysis, cost estimating, programme scheduling and control, and 
procurement, among others.  Information can always be stored in a ‘cloud’ and accessed via 
the Internet or extranet (Mandičák et al., 2016:2) at a later stage for reference and statistical 
purposes. This ease of storage and access provides means of detecting methods and decisions 
that worked or did not work without having to contact previous personnel who have retired or 
without having to search through paper-based archives. On the other hand, cloud computing 
provides an effective link and support for office staff to collect data from site workers to help 
them perform tasks such as billing, payroll, logistics and financial reports. 
Another function that cloud computing supports is the ability of staff to work from home as 
they can access documents at any location, and at any time, as noted by Arun Nehru through a 
SAGE (2013:3) interview. Access to accurate information in a timely manner is important for 
a variety of professional teams who have come together for a single project. This minimises a 
lag in information distribution, eliminates time wasted on scheduling on-site meetings, 
enhances effective collaboration and saves cost and time, according to Chan and Liu 
(2007:190).  
iv. Augmented and virtual reality 
Virtual reality (VR) and augmented reality (AR) are two fields mostly used interchangeably 
and perceived to mean the same thing. Augmented reality is essentially the process of adding 
virtual or imaginary objects onto existing ones in order to create a feel as to how these objects 
will relate/fit into the pre-existing environment. On the other hand, virtual reality is fictional in 
nature as it stimulates a completely non-existent atmosphere (Raajana et al., 2012:67). Raajana 
et al. (2012:66) explain that augmented reality combines simulated components with actual 
objects and is interactive which gives one the feeling that an object is there when it actually is 
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not. Augmented reality provides information to construction workers about their ever-changing 
work environment without overloading them with information (Van Berlo et al., 2009:2). Van 
Berlo et al. (2009:3), however, warn that augmented reality devices such as head-mounted 
displays may at times cause simulator sickness, linked to motion sickness. 
AR systems are able to produce online images of the construction amplified with the rendering 
of the CAD design still not constructed. Moreover, 3D pictures or 3D scans help in creating 
geometric models of the existing structure or site.  These models can be compared with the 
design models to detect problems. This is beneficial as a computer-aided construction 
inspection system can be built which will consequently have a positive effect on productivity 
by circumventing construction errors (Sa et al., 2007:2). Likewise, Ahmed et al. (2017:1) 
highlight the effective use of AR in construction project programming, progress tracking, skills 
transfer, safety compliance, time and cost management, quality and defects management. 
Similarly, VR is successfully implemented in projects as a visualization tool, worker training 
technology, safety management tool, and can also facilitate quality and defects management. 
Research conducted by Gheisari et al. (2014:850) revealed that workers chose mobile-based 
augmented reality as opposed to manual capturing of site information for progress reports as 
they perceived this method to be quicker and easier. Both tools also create a network that 
enables conferences with multidisciplinary consultants and other project participants who are 
geographically dispersed. 
v. Artificial intelligence and machine learning 
Newton (2018:1) defines artificial intelligence (AI) “…as being the ability of computer systems 
to perform tasks normally requiring intelligent human intervention”.  Similarly, “…artificial 
intelligence captures large amounts of data and analyses the information for patterns and trends. 
In essence, artificial intelligence uses the power of machines to model natural intelligence of 
humans. It uses machine learning to solve problems and execute tasks with greater speed and 
accuracy” (Clavero, 2018). AI has the potential to revolutionise the construction industry much 
like all other technological tools that have been invented. Moreover, of, particular importance 
is its ability to provide real time data about a building regarding structural and maintenance 
issues; this will enable planned maintenance. On the other hand, it will make it simpler for 
designers and engineers to make improvements on designs based on historical records that have 
been stored digitally (Newton, 2018:1). 
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It is important to note that AI use may cause complacency, where workers abdicate efforts of 
being innovative and over-rely on devices to perform functions. 
vi. 3D printing/additive manufacturing 
 
Additive manufacturing describes a process of joining material from a 3D model one 
layer at a time. This method of construction promises minimal wastage and can produce 
objects having very complex and bespoke geometrical specifications using a variety of 
materials (Bikas et al., 2016:389). 3D printing, on the other hand, is a construction 
method that involves the construction of artefacts through robots by using concrete or 
concrete waste material. Apparently, 3D printing vendors go as far as promising the 
ability of these machines to build a 200m2 two-storey building in a matter of hours 
(Perkins and Skitmore, 2015:8). This method of construction is said by authors such as 
Olsson et al. (2019:350) and Wu et al. (2016:1) to reduce construction costs through 
the reduction in labour and shorter construction programmes. It should be noted, 
however, that services such as electrical connections are not included during the 
building progression, therefore structural issues such as these have to be incorporated 
after the printing process. 
 
vii. Drones  
Drones are unmanned aerial vehicles (UAV) or aircraft that are without an on-board human 
pilot. Areal images and site scans can be produced by drones for tasks such as the procurement 
of material and plant, including the collation of progress and safety records. Moreover, these 
machines can access spaces that are too restricted or dangerous for human beings (Newton, 
2018:1). The real advantage of using drones is that they are able to provide real time data 
through mounted cameras, especially when monitoring large projects, as they are able to hover 
over the same place owing to their multiple rotary blades (Janssen, 2015:3). 
The following are areas where Janssen (2015:3) and Liu and Tatum (2017:169) found that 
drones are the most applicable in the construction industry: 
 Aerial images or videos of a site for progress reporting 
 Surveying for topographical information 
 Inspections  
 Safety and security monitoring 
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 3D scanning of construction using imagery to obtain a 3D model 
 Transportation of materials or tools 
 
viii. Autonomous vehicles  
Autonomous vehicles refer to automobiles or plant that are able to be operated remotely or that 
have embedded sensors allowing them to perform programmed functions. The implementation 
of this sort of system in the construction industry has been noted to improve productivity by 
eliminating human error as well as time taken for rest periods, increasing safety and generally 
providing a return on investment. 
ix. Sensors 
Domdouzis, et al. (2004:1107) define a wireless sensor as “…a network of such devices 
capable of a cooperated sensing task. There are different categories of sensors, such as fibre 
optic, photoelectric, radio-frequency identification, chemical, and acoustic”. Sensors are used 
for a variety of different functions in the construction industry and are more efficient in the 
monitoring of plant and equipment on site to track factors such as standing time, level of fuel 
or general maintenance requirement data. Similarly, Kopsida et al. (2015:423) describes the 
use of sensors through mobile and handheld devices that scan RFID tags for project progress 
monitoring. What they found is that employees generally prefer this method compared to 
paper-based methods. 
The use and installation of microchips into materials for tracking purposes interlinked to RFID 
is becoming popular in the construction industry. This particularly helps with monitoring 
orders, including the tracking of onsite material and tools, especially on large sites with over a 
hundred subcontractors and thousands of labourers (Mason, 2017:11).  
The table below referenced sources of the types of tools utilised in the construction industry: 
Table 2. 2: List of digital tools 
Type of Tool  Source 
Mobile phone Ahsan et al., 2007 and Wong and Zhang, 2013 
Computers (Laptops/Desktops) Ahsan et al., 2007 and Rivard, 2002 
Robots/Automated machinery Perkins and Skitmore, 2015 and Thompson, 2017 
BIM (Building information modelling)   Adeyemi et al., 2016 and Bruckmann et al., 2016 
CAD (Computer-aided design) Jensson, 2017 and Sa et al., 2007 
Dropbox/WeTransfer  Cheng and Kumar, 2010 and Mandičák et al., 2016 
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Virtual reality/Augmented reality Raajana et al., 2012 and Van Berlo et al., 2009 
Artificial intelligence/Machine learning  Clavero, 2018 and Newton, 2018 
Biometric devices Proust, 2013 
Wireless Sensors/RFID Domdouzis et al., 2004 and Kopsida et al., 2015 
Drones Janssen, 2015 and Liu and Tatum, 2017  
3D printing Olsson et al., 2019 and Perkins and Skitmore, 2015 
Internet of Things Mason, 2017 and Salento, 2017 
      Source: Researcher’s compilation (2019) 
 
2.3.3 The importance of the successful implementation of digitalisation  
It is vital for a construction firm to recognise the importance of implementing digitalisation as 
quickly as possible (Vaduva-Sahhanoglu et al., 2016:211). This earnestness is not only driven 
by the fact that a delay will cause any business to fall behind in the value chain (Martinez, 
2019:3). The real urgency lies in the fact that the construction industry has an ageing workforce 
where few young people who mostly fall in the literate category are flocking into the 
construction field, especially in blue-collar jobs (Beck et al., 2016).  Studies conducted over 
the years (Oladapo, 2006:15; Salento, 2017:6) consistently refer to the notion that the 
construction industry compared to other industries has been slow or has lagged behind in 
implementing technology.  This suggests that the urgency of adopting full digitalisation has 
been overlooked or rather misunderstood. Trends are changing, skills are evolving, and 
upgrades are being introduced on digital tools that have currently been produced and released 
to the market. This implies that as time progresses the process of digital transformation is 
becoming even more complex and costly. This consequently results in a vicious cycle as 
digitalisation will always be viewed as an onerous and expensive process. 
Automated tools fall under three categories, according to Liska and Strukova (2012:121) and 
Mahbub (2008:3).   The first category describes tools designed for the enhancement of existing 
machinery such as installing sensors on equipment and tools for the purpose of monitoring and 
data capturing. Secondly, they describe task specific innovations that are analogically 
programmed to perform particular tasks; once the machine has been placed in position it will 
undertake a pre-set task without the obvious ability to adjust to divergent circumstances.  Lastly 
classified is intelligent software that incorporates both enhancement and cognitive categories 
described above. 
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In recent years there has been a significant awareness in the construction industry regarding 
the use of computers in order to fast track and simplify processes; the world is experiencing a 
level of progress, even for developing counties such as Nigeria and South Africa. To some 
extent the progress towards a digitalised construction industry is not as behind as cited in a 
number of research studies (Marjuki, 2006:2). For instance, personal computers are a normal 
sight on site and communication is often through emails (Ahsan et al., 2007:3).  Generally, 
computers are an important factor in conducting daily operations within a business in order to 
maintain efficiency as well as accuracy. In construction firms most employees are issued with 
a personal computer, particularly employees based at head office (Rivard, 2002:19). 
A survey comprising 217 questionnaire responses conducted by Harris (2017) in the year 2016 
revealed the following data with regard to the usage of digital tools by leading firms in the 
South African construction and built environment: 34% designers relied on AutoCAD, and 
Revit was the next preferred software which is used by 28% of the respondents. When it comes 
to data storage and sharing, only 55% respondents used cloud-based document management 
systems and smaller firms remained comfortable with using cloud-based storage functions such 
as Dropbox and Google Drive. The majority of 81% agreed that there is a need for government 
intervention for BIM to be successful. 
A PwC (2016:4) study suggests that the construction industry is putting much effort into 
digitising internal processes. It furthermore revealed that almost 33% of engineering and 
construction firms have adopted a high level of digital tools within their business and an 
additional 67% are expected to follow suit in the next five years. However, a KPMG survey 
revealed from a regional viewpoint that Africa is significantly behind America and some 
European countries regarding the adoption of digital technology (Armstrong and Gilge, 
2016:7). The industry has not largely progressed to tools that facilitate E-business and 
electronic document transfer, for example (Oladapo, 2006:1). The information below will 
provide information regarding how digitalisation will potentially impact the construction 
industry. 
2.4 BENEFITS OF DIGITALISATION IN CONSTRUCTION 
 
i. Optimised efficiency and productivity in construction 
A number of research studies take note of the positive effect the adoption of new technology 
has on productivity. But the acceptance and implementation of technology are influenced by 
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much more than the mere introduction thereof. Other factors contribute towards whether an 
innovation will either fail or succeed. These influences include the use of the new technology 
at an optimum level as well as the effective reduction of maintenance and general costs from 
the resultant successful implementation. However, this is only based on understanding the most 
effective manner in which the technology can be applied. Users need to note that the benefits 
promised by digitalisation are not automatic but require strategic planning (Goodrum et al., 
2011:678).  If this is not done well, investors might be dismayed to realise that digitalisation 
success takes much more than the abandonment of conventional methods.  
Digital technologies in the range of BIM, cloud computing, mobile technology and artificial 
intelligence have the potential to revolutionise the industry and revitalise a sector that is 
perceived as slow and old-fashioned (Hudson, 2017:4). The adoption of digital tools within the 
construction industry is done with the intention of optimising efficiency and productivity. For 
example, Armstrong and Gilge, (2016:6) offer the manner in which a real time view of project 
progress can be achieved by data and analytics. Furthermore, with the use of mobile devices to 
view building model simulations, an increase in informed decisions and proactive problem-
solving can be achieved (Ahsan et al., 2007:3; Armstrong and Gilge, 2016:6). Lavikka (2018:2) 
reiterates this by stating that architectural, engineering and construction (AEC) sectors have 
the potential to progress through digital simulations and visualisation. 
ii. Added value to clients and stake holders 
According to Chimhundu (2015:14), through precision working that is brought about by 
automation and digitalisation, less risk by virtue of adequate information as well as a reduction 
in errors will result in a decrease in snags including reworks, which consequently leads to better 
delivery of projects at reduced costs and within budget. Also, with the use of digital technology, 
engineers and designers are able to offer the client a variety of design options at the click of a 
button. This is because the use of computers has allowed illustrations to be done more quickly 
and has also expanded geometrical scope, including how designers think (Reffat, 2008:125).  
Generally, automation and the use of information and communication technology (ICT) in the 
construction industry has been cited to have time-saving effects as well as improved quality 
(Ahmad and Perkinsons, 2006:3). 
iii. Reduced overall cost 
Kamaruddin et al. (2015:118) and Ahmad and Perkinsons (2006:2) highlight the effects that 
the adoption of mechanisation, robotics, automation and reproduction can have on the industry. 
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The findings reveal that through factors such as less workload per task for an employee 
including reduced use of plant such as scaffolding, security systems and transport machinery 
can prove to have a significant effect on the reduction of bottom-line costs. Additionally, 
automation improves construction programmes; this lessens costs related to time-based 
preliminaries. Other beneficial factors that Kamaruddin et al. (2015:118) and Ahmad and 
Perkinsons (2006:2) mention when it comes to the implementation of automation include 
enhanced productivity, improved quality, design freedom to an optimum level and an improved 
construction environment in relation to safety and the reduction of waste (Liska and Strukova 
, 2012:124). As an example, material delivery can be tracked with the use of tags. Moreover, 
tags or reading chips can send information to site managers feeding information for the 
maintenance or the tracking of idling time (Alaghbandrad et al., 2011: 280). 
iv. Improved communication and collaboration 
The importance of communication during or leading to a construction project cannot be 
understated. Digital tools help facilitate efficient collaboration (Klink et al., 2008:2; Oke et al., 
2018:3; Ullah et al., 2019:297) and interdisciplinary professionals will easily interact and be 
able to capture and access information in real time (Issa, 2002:16). Hudson (2017:4) expresses 
how this manner of working enables interactions for ad-hoc decision-making where projects 
will be less prone to reworks, including quicker and simpler access to data in real time for 
project monitoring and progress tracking (Ahmad and Perkinsons, 2006:4). The adoption of 
digital tools enables an environment where all parties involved are kept in the loop and have 
access to project data including budgets, programs and procurement information (Issa, 
2002:17). Hlahla (2013:23) substantiates this by stating that the use of digital technology will 
result in improved storage and access to information, tracking and security which results in 
better coordination and subsequently improved customer relations since the communication 
and feedback to clients will be optimal. This furthermore allows ideas to be shared on how to 
solve problems without the need to plan and schedule meetings on location. 
v. Improved occupational health and safety compliance 
The construction sector is counted among the industries with the highest number of fatalities 
(Jones, 2016:1). Health and safety are a constant concern during construction projects, and the 
mandate is on every individual involved to ensure zero harm and injury to anyone on a daily 
basis. This is where the use of intelligent wearable devices that have imbedded sensors such as 
radio frequency identification (RFID) come in (Salento, 2017:4).These devices reduce the 
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responsibility of fellow workers, managers and health and safety professionals by measuring 
and capturing data of health issues as well as aspects such as the level of fatigue (Hudson, 
2017:4). In this way the loss of skilled and overworked employees will be reduced including a 
subsequent reduction in absenteeism. Absenteeism is a cost component issue; it is reported that 
it costs an additional 0.5% labour cost for every 1% increase in absenteeism (Proverbs et al., 
2000:76). Furthermore, the use of automated machinery facilitates work with minimal human 
effort or at times gives access to spaces that would be difficult or dangerous for human beings 
to work in (Liska and Strukova, 2012:121). 
vi. Better use of human resources and enhanced service delivery 
Skill shortages are among the issues facing the construction industry in the present day. These 
are exacerbated by a proliferation in the number of youths opting for higher education and 
training. Millennials are neither eager to enter the construction sector in blue-collar positions 
nor white-collar occupancies such as secretarial work, data capturing, and human resources. 
(Windapo, 2016:2). This is where the benefits of digitalisation will be appreciated as these 
tasks can be replaced by digital tools, thereby eliminating the need for human resources. 
Furthermore, with virtual reality, expertise can be outsourced (Hudson, 2017:10; Vaduva-
Sahhanoglu et al., 2016:218) which broadens employment on a global scale since the physical 
presence required to understand and have a feel of a site or location will not be necessary. 
Moreover, because digitalisation facilitates effective communication, globalisation can happen 
on a bigger scale. The globalisation of business broadens the market and consequently 
intensifies industry competition. This will have an effect on the quality of service a company 
is able to provide, including its ability to provide these services at more competitive rates 
without compromising on quality (Cobb, 2001:1; Issa, 2002:17). Generally, there is no doubt 
that companies which have the adequate resources have taken advantage of the adoption of 
technology in order to boost their competitive advantage in this highly competitive construction 
market (Kamaruddin et al., 2015:112).  
vii. The ability to work remotely/Platform working 
Digital tools allow information to be stored in a cloud for simple storage and access of large 
amounts of data from any location (Alaghbandrad et al., 2011: 280). In recent years a number 
of companies increasingly permit teleworking. This is facilitated by an increase in internet 
speed and access. The resultant effect is the proliferation of employees opting to work from 
home either to avoid traffic or to be able to perform other activities such as child minding. 
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Besides this, companies also benefit and sometimes encourage it since remote working reduces 
office space requirement and subsequently reduces building rental costs (Oladapo, 2006:15). 
On the other hand, remote working broadens the space for developers to solicit the skills 
required for a particular project regardless of the location (El-Tayeh and Gil, 2007:463).  
Salento (2017:6) mentions that nowadays the remote organisation and control of work 
processes and machines are technically possible despite any legal separation. The connection 
between remote machinery eliminates work boundaries.  Looking at a broader spectrum, 
digitalisation has the potential to redefine roles as it will go as far as reshaping the manner in 
which employees’ function. This subsequently forces a shift in enterprise models and 
management methods (CEEMET, 2016:6). 
 
viii. Digitalisation revitalises the construction sector  
 
As mentioned earlier, the construction industry is perceived as a very old-fashioned and 
traditional sector where people with no formal education are able to enter the market with ease, 
provided they have the required skills or if they are open and willing to be trained. A 
considerable number of youths are able to gain access to higher education and training and 
have become unwilling to enter into the construction field, especially in blue-collar jobs 
(Ahmad and Perkinsons, 2006:4). Moreover, this sector is thought of as low-level employment, 
hence the issue of lack of skills in the construction industry.  The more senior and well 
experienced workers are retiring and have no one whom to transfer the skills. As a counter 
effect, technology revitalises the construction industry (UKCES, 2013:3), more especially the 
youth who have become tech savvy and dependent on mobile devices and applications 
(Paraskeva, 2008:147). 
ix. Advanced solutions 
Industry 4.0 introduces the Internet as a means for producing improved products or services at 
a quicker rate. This is by no means any different for the construction sector. The use of the 
Internet broadens the market through industry competition, where clients, contractors as well 
as subcontractors are able to access a variety of products and prices at a click of a button. 
Furthermore, e-procurement allows tender proposals to be solicited and submitted via the 
Internet, which gives fair advantage to geographically dispersed contractors and suppliers and 
also saves time. 
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x. Reduced waste 
The construction industry is one of the highest users of raw materials (40%). Khoshnevis 
(2003:6) reveals how the construction of a standard single home can produce three to seven 
tonnes of waste. 3D printing promises an emission-free advantage of harmful substances based 
on its complete electric operation. Moreover, on a general basis fewer vehicle and less 
machinery on site means less fuel consumption and a decrease in the depletion of raw materials. 
xi. Better design freedom 
3D printing, with the incorporation of BIM, will motivate designers to create more 
geometrically appealing structures without difficulty in envisioning the final product or 
worrying about their build-ability as well as the concern of additional costs from formwork and 
moulds that will only be used once for a particular project (Buswell, 2007:224). 
xii. Tracking of online plant and equipment 
Every construction project is unique in nature. That being said, a site can consist of less than 
five workers to over a thousand labourers at one time. This comes with the task of monitoring 
people and tools including machinery, which can be a daunting task. Digitalisation makes this 
simple with the use of surveillance cameras and microchips to track labour and machine idling 
time, as well as maintenance intervals for proactive decision making (Ahsan et al., 2007:3). 
The table below referenced sources of the benefits experienced relating to the use of digital 
technology in the construction industry: 
Table 2. 3: List of benefits associated with digitalisation 
Benefits associated with digitalisation Source 
Better financial control and monitoring 
Armstrong and Gilge, 2016 and Olsson et al., 
2019 
Reduction of errors 
Benmansour and Hogg, 2002 and Vaha et al., 
2013 
Improved quality 
Ahmad and Perkinsons, 2006 and Liska and 
Strukova, 2012 
Environmental protection/Waste reduction 
Derkin and Skitmore, 2015 and Liska and 
Strukova, 2012 
Reduced cost of doing business Bruckmann et al., 2016 
Effective online procurement Cobb, 2001 
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Optimised productivity 
Ahmad and Perkinsons, 2006 and Vaduva-
Sahhanoglu et. al, 2016 
Work flexibility – remote working Alaghbandrad et al., 2011 and Joshi and Shah, nd 
Reduced human effort in construction Liska and Strukova, 2012 and UKCES, 2013 
Improved worker’s health and safety 
Benmansour and Hogg, 2002 and Liska and 
Strukova, 2012 
Tracking of on-site plant and equipment Mason, 2017 and Ahmad and Perkinsons, 2006 
Remote operation of machinery Mahmud et al., 2018 and Salento,2017 
Design freedom e.g. geometrical architectural 
designs 
Busswell, 2007 
Effective project monitoring and control 
Adeyemi et al., 2016 and Ahmad and Perkinsons, 
2006 
Quicker project delivery 
Ahmad and Perkinsons, 2006 and Alaghbandrad 
et al., 2011 
Efficient communication Alaghbandrad et al., 2011 and Paraskeva, 2008 
Eliminates time and space barriers 
De Groen and Lanaerts, 2016 and El-Tayeh and 
Gil, 2007 
Increased opportunities of collaboration  Klink et al., 2008 and Ullah et al., 2019 
Simplified decision making Ahsan et al., 2007 
Improved information storage and retrieval Alaghbandrad et al., 2011 and Issa, 2002 
Enhanced service delivery Benmansour and Hogg, 2002 and Reffat, 2008 
Proactive problem solving Ahsan et al., 2007 and Love et al., 2001 
Draws young people to the industry Cobb, 2001 and Paraskeva, 2008 
Source: Researcher’s compilation (2019) 
Notwithstanding the benefits that construction digitalisation potentially brings, there are 
inherent barriers towards its implementation. 
 
2.5 FACTORS AFFECTING DIGITALISATION IN CONSTRUCTION 
Khalifa et al. (1999) sited in Love et al. (2001:34) postulates how the adoption of technology 
in the construction industry is hindered by the real or perceived risk associated with it.  
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i. Fragmentation in the construction industry 
According to Rivard (2002:19) and Bernold and Sepasgozar (2012:656), the construction 
industry is risk averse in nature. This makes it difficult for industry players to set precedents 
and invest in the adoption of technological tools, especially when there are no tangible benefits 
and information is inadequate.  This is corroborated by Hudson (2017:8) who states that 
digitalisation and the uptake of new tools and processes are perceived as a risky move. 
Moreover, the fast paced, disjointed and inconsistent nature of construction poses a challenge 
towards any intention to digitalise the industry (Cobb, 2001:2; Gaith et al., 2012:3224; Jensson, 
2017:1). Moreover, there are hardly ever any projects that are identical and project managers, 
consultants and sub-contractors are constantly changing, therefore is it difficult to establish 
relationships and trust (PwC, 2016:4).  
ii. The lack of practical examples 
Despite the wide range of information regarding how digitalisation will positively influence 
the construction industry, its fast-paced nature leaves no room to test new procedures of 
conducting business.  The main focus of its participants is project completion at the lowest cost 
and shortest duration possible (PwC, 2016:3). Moreover, decision makers remain sceptical 
because of minimal to no references of practical implementation and associated benefits (Muro 
et al., 2017).  This is more particularly linked to the fact that companies within a region have 
to rely on theory only or an international perspective to understand whether an investment in a 
particular technological system is a viable idea or not. Oladapo (2006:5) opines that the only 
tested and commonly used systems are Auto CAD, CCS, and WINQS.  The majority of 
companies avoid spearheading its implementation because of the costs involved and the lack 
of solid evidence regarding a positive return on investment, which is a risk.  
On the other hand, Koen and Rust (2011:5) posit that compared to numerous developed 
countries where the research and development (R&D) strategy has been set at values in excess 
of 2% of GDP, this figure is not even close in South Africa. Research data from the National 
R&D survey reveals the public and private sectors, including educational institutions, spent a 
maximum of 0.33% GDP in construction research in the year 2005-2006. The repercussions of 
this is a lack of information and knowledge regarding new trends and technologies that are 
available to the built environment.  
The construction industry, unlike manufacturing, is oscillating in nature and unpredictable. 
Notwithstanding the fact that construction projects are never identical, there is never a constant 
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number of projects at a specific measure of time. This poses difficulty in gathering accurate 
information regarding how investment in digital devices will provide the desired returns. The 
scepticism lies in the absence of tangible digitalisation success stories.   
iii. Social and cultural issues 
Studies suggest that the issues impeding digitalisation are not particularly based on the 
technology itself but the people it will affect and their attitude towards it (Henderson, 2010:1). 
The perception that people have around tech tools is that they are complicated and difficult to 
use.  This is corroborated by Armstrong and Gilge (2016:16) who contend that workers always 
tend to stick with what they are used to and fear the unknown, with the attitude of “Why fix it 
if it’s not broken.” Moreover, influences such as culture, organisation, leadership and skills, 
according to a PriceWaterhouse- Coopers Survey (PwC, 2016:7) are internal matters that need 
to be addressed. More than half of the participants in the survey conducted by PWC mentioned 
digital culture and lack of training as the biggest obstacles to the uptake of digital tools. 
However, endorsing the training of existing employees is in itself a challenge: workers who do 
not understand what digitalisation is about and who are unaware of the effective benefits it 
offers will not see its significance towards company value-add.  This is more particularly 
observed in older workers (CEEMET, 2016:9). 
To date, there is still a considerable number of people who do not understand what 
digitalisation is and what is means to the industry. It is because of this that negative perceptions 
will remain a barrier to the adoption of digital tools (Ibem and Laryea, 2015:377). In some 
scenarios, decision-makers may decide to introduce technological tools in the work 
environment. However, these efforts will be unsuccessful since employees see digitalisation as 
a threat to job quality and security (Oladapo, 2006:9).  
iv. Lack of dissemination of information and poor implementation 
Based on the study conducted by Blaza and Stephenson (2001:2), digitalisation adoption is not 
simply the replacement of traditional tools with the introduction of more sophisticated 
hardware and software. The procedure considers the involvement of both technical and 
organisational aspects; in this way, the process becomes fully integrated to allow organisations 
to enjoy the full benefits of digitalisation. 
Research and development are expanding on the subject of digital technology in the 
construction industry. However, this is at higher education and employment level. The majority 
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or drivers of the industry are blue-collar workers. This mass is at a disadvantage with regard to 
information that is available about how digitalisation will transform the construction industry 
in a positive manner. The construction labour force, particularly in the South African 
construction industry, has the potential to diminish perfectly executed plans to implement 
digitalisation by simply rejecting it. This highlights the importance of the gradual introduction 
of a digitalised construction industry in the minds of employees (Blaza and Stephenson, 
2001:10).  Similarly, Hlahla (2013:26) mentions that employees will always have varying 
perceptions regarding the effect of digitalisation and the manner in which it will disrupt what 
they have grown to be accustomed to. It is therefore important to communicate changes 
effectively to end users and address their concerns as this process is bound to affect them the 
most.   Then again, in a study conducted by Blaza and Stephenson (2001:6) it was revealed that 
low-skilled workers were willing to accept and conform to the adoption of technological tools 
so long as there was access to assistance and training. What was also found was that rejection 
was mainly by workers at management level and this was a barrier to the implementation of 
technology change.  The lack of knowledge and understanding due to insufficient research on 
the subject of automation is one of the reasons why it is not generally adopted (Kolhe, Saharkar 
and Tambi, 2014). It goes without saying that in order to achieve a smooth and successful 
digital transition, the workforce needs to be mentally prepared with the aid of education and 
training.  
v. Inadequate change management strategies 
Senior level employees face a major challenge with regard to executing change management. 
Decision-makers in the AEC industry are unsure about the benefits that will accrue from the 
use of technological tools. They are indecisive about implementing digitalisation and 
consequently transforming business away from the comfort of the norm (Lavikka, 2018:5). 
Stakeholders in the construction sector tend to regard the adoption of computerised methods as 
an expenditure instead of an investment decision, without knowing that the realisation of the 
results need patience but will, however, provide long-term benefits.  
 
vi. Investment indecision  
On the other hand, when comparing the construction industry with other sectors, research and 
development (R&D) has previously not been substantial enough to allow stakeholders and 
developers to feel comfortable with investing in technological advances. R&D are a process, 
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meaning that the outcomes arising from it are not immediately realised but materialise over 
time. This has resulted in the delayed reaction to implement innovative practices within the 
construction industry (Beck et al., 2016).  Generally, since people react to proven results and 
success stories (Rivard, 2002:19), stakeholders are more likely to implement full automation 
only once another company does and the results are tangible and clear on paper. Frits’ (2007: 
2530) indicated that the reasons why ICT was not widely implemented in the construction 
industry were because of high investment costs and uncertainly regarding returns of 
investment, amongst others. People are naturally reactive and avoid being front-runners mainly 
in instances where investments are concerned, especially in countries where the economy has 
a slow growth rate and the construction industry is underperforming. 
vii. Lack of interoperability  
Large constructions companies can essentially be considered to be management firms seeing 
that the majority of companies do not have an employment force that is appointed on a full-
time basis (Windapo, 2016:3). This is owing to the periodic nature of the construction industry. 
Normally, up to even 90% of the work is sub-contracted (Dangalazana and Ncwadi, 2005:2; 
Hlahla, 2013:2).  Consequently, in some cases, the main contractor might have the funds or 
manage to secure funding from investors for digital components but sub-contractors might not 
have the same. In some instances, sub-contractors might not have plant or machinery that works 
well with a project that has been designed and planned for digital operations. As a result, the 
main contractor will first have to train sub-contractors on how to operate machinery or how to 
interpret data from digital tools. This is both a cost and time delay. Over and above the factor 
of time and money, since the majority of work is sub-contracted, there is deemed to be little 
value in training temporary labour where the benefits will be enjoyed by a variety of employers 
(Hlahla, 2013:1). In the near future, one can anticipate an environment where it will be a 
compulsory pre-subcontract requisite for small, medium and micro-sized enterprises (SMME) 
to have employees that are trained to use and understand digital devices (Heikkila et al., 2013). 
viii. Outdated employment policies  
Digitalisation is a complex process that affects every level of an enterprise; a digital shift means 
a restructure in operations, management and existing human resources (Vaduna-Sahhanoglu et 
al., 2016). For instance, digital technology attracts an atmosphere where people will generally 
take advantage of the ability to work remotely seeing that one of the advantages of digitalisation 
is flexibility of work in terms of time and space (De Groen and Lanaerts, 2016). This way of 
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working poses difficulty in supervision and monitoring of work by managers where work is 
based on mutual trust. All the outlined difficulties that are characteristic to the use of digital 
technology need to be addressed before the full benefits of the process can be enjoyed. 
 However, it should be noted that the possibility remains of negative effects that will surface 
once digitalisation is implemented. 
2.6 RISKS ASSOCIATED WITH DIGITALISATION 
A plethora of research material posits the slow technology adoption rate by the construction 
industry, which is strange based on the numerous benefits associated with digitalisation 
(Hlahla, 2013:24; Matheu, 2005:37). This brings about the necessity to collate information 
regarding the negative aftermaths of digitalisation in order to put investors and clients at ease 
by offering them the ability to evaluate whether the risks can be managed, transferred or 
circumvented.  
An important notion that is mentioned in the study conducted by Cobb (2001:1) is that the 
implementation of robots and automation in the construction industry to optimise productivity 
requires thorough management of the risks involved as well as all the costs involved very early 
in the conceptualisation stage.  The main factor that contractors have an issue with is that digital 
tool vendors provide information pertaining to what the technology is able to do; however, 
what is important to contractors is what the technology is unable to do, as well as potential 
weaknesses and implementation issues. 
i. Financial risk   
The construction industry is known for its risk averse nature (Hudson, 2017:8). This notion 
deems it appropriate to define what the term ‘risk’ means. According to Hansson (2005:5), 
risk is defined as the probability of the occurrence of an undesirable event. On the other 
hand, Gravley (2001:6) expressed the following opinion: “Risk is the actual exposure of 
something of human value to a hazard and is often regarded as the combination of 
probability and loss”. Similarly, Stanchion (1997) states that “Risk might be defined simply 
as the probability of the occurrence of an undesired event[but] better described as the 
probability of a hazard contributing to a potential disaster…importantly it involves 
consideration of vulnerability to the hazard”. Having said that, through early determination, 
the amount of risk can be controlled and lessened.  
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As indicated by Yaghoubi et al. (2012:113), the construction industry is conventional in nature 
and big firms remain reluctant to allocate substantial funds in the investment of construction 
robots owing to the fact that there is insufficient data that promises returns on investment in 
the   immediate future. 
Technological tools need to be adopted and, more importantly, implemented in order for 
investors to reap all the benefits promised (Mitripoulos, 1999:335). However, it is important to 
note the difficulty in predicting annual cash-flows relating to the adoption of digital tools 
(Taylor and Smith, 2000:1).  It is necessary to highlight the possibility of insufficient returns 
on investment due to technology being successfully implemented but not used to its optimum 
function. Moreover, digital technology broadens the market through industry competition as it 
gives access to the market to individuals and companies who could not previously participate. 
The consequence of this is that profit margins will drop.  
Cobb (2001:2) and Rivard (2002: 19) mention investment as a risk factor that prohibits the 
adoption of advanced tools and methods. The issue lies with the uncertainty of a positive return 
on investment; other ancillary costs such as power, software upgrades and maintenance are 
hardly ever factored in.  
More critically, the availability of cheap labour should not be ignored as an influencer of 
whether to digitalise. According to Le Roux (2018:6), digital transformation may be halted by 
a comparison of labour costs matched against the high cost of technological tools. On the other 
hand, ancillary labour factors such as increases, protests and unionisation might influence a 
digitalisation decision despite the exorbitant cost of investment in digital gadgets and 
applications. 
An interesting point that Hudson (2017:4) also refers to is the amount of energy that will be 
needed for the use of digital tools which consequently leads to a depletion of resources and a 
surge in rates for networks and electricity. 
ii. Loss of productivity 
The increased use of computers and access to the Internet open up the temptation to search and 
view social media websites during working hours. This takes away time spent on actual work 
responsibilities (Gaille, 2016; Love et al., 2001:37). Moreover, Gaille (2016) further highlights 
that the overreliance on computers will result in work stoppages in instances where there is 
loss of power or during a sudden computer system crash and all the information needed to work 
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is stored on the computer. Workers will need to rely on information technology (IT) support 
assistants who are on stand-by. 
iii. Uncertainty of whether the tools adopted will meet expectations 
There are instances whereby the proposed technology does not necessarily produce the results 
expected. Technology adopters are then disappointed. Blaza and Stephenson (2001:2) note that 
implementation issues that might occur with the introduction of new technologies within an 
organisation. For example, Dossick and Neff (2010:460) reveal findings in their study whereby 
an interviewee expressed how BIM administers collaboration at the design phase for 
professional consultants. However, it is rare for the same information to be directly available 
to subcontractors.  Direct communication between project consultants and sub-contractors 
seldom occurs, resulting in organisational divisions as well as ‘broken telephone’ 
communication. What is further revealed is that although mechanical, electrical and plumbing 
(MEP) project consultants might successfully collaborate technologically, organisational 
divisions still remain where information and crucial decisions are not immediately 
communicated to the rest of the professional team. Similarly, Hamdi and Leite (2014:2) 
describe a lawsuit that took place during the construction of a major university whereby BIM 
was utilised in the design stage for the heat, ventilation and air-conditioning (HVAC) system 
by the architect and the MEP engineer. This system worked well as a model. However, the 
construction methodology that was specific to the design was not adequately communicated to 
the contractor who encountered buildability issues towards the end of the construction phase. 
Essentially the design worked in the model but failed to fit practically. Similarly, with the use 
of RFID, it is noted by Kopsida et al. (2015:422) that some construction elements cannot be 
fitted with tags; this requires extra costs with regard to additional labour or complementary 
equipment to supplement this. The successful deployment of technological tools depends on 
more than the straightforward purchase or investment in the tools but strong effective 
leadership and planning: this needs to be understood. 
Based on the construction industry’s intrusive nature into other sectors that govern its 
successful operation, the adoption of new technologies has the potential of creating material 
conflict among these different organisation and occupation groups, where the technology might 
in some areas make processes simple for one organisation but create an administrative 
nightmare for another organisation, for example. This creates power struggles in the process. 
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iv. Adoption of the technology in silos 
The engineering and architectural fields are the highest adopters of design technology such as 
BIM (Young et al., 2008: 2). This is an isolated group among the various professions, but what 
seemingly happens in construction firms is that new technology is adopted in silos and people 
are unwilling to share information with regard to what the technology can do and how to use it 
(Björk and Howard , 2008:271; Kane et al., 2015:37). What will be found is there is only one 
planner in the construction firm who is able to use the application or device. This all creates an 
issue once the individual is inundated with work or if s/he leaves the company, and training 
has to be administered from scratch. 
v. Security 
Cyber attacks 
As industry progresses and becomes more dependent on digital tools for remote working, 
communication as well as the storage and quicker access to data; the threat from cyber-attacks 
will also increase (Hudson, 2017:4). A major issue relating to digitalisation is cyber security: 
with the benefit of efficient information storage and data exchange comes the risk of 
vulnerability to IT gurus who can access information that has been stored under a cloud 
network system, for example (Rubin, 2006). This is a concern for a number of scenarios such 
as architectural and engineering design copyrights (intellectual property) as well as confidential 
rates in tender pricing. Cyber security is a threat that has not been given much attention when 
it comes to the built environment (Edwards and Parn, 2019:248). 
Asset management risk 
Theft on site is not a rare occurrence; moreover, break-ins are also prevalent, especially where 
the project takes place within a residential environment. This results in a number of gadgets 
that will need replacing (Ahsan et al., 2007:12).  
vi. Job losses  
History has a way of repeating itself. Watson (2011:9) refers to a period when software was 
introduced in the market to render two-dimensional illustrations using computer-aided design 
(CAD) this era resulted in manual draftsmanship becoming obsolete and people who possessed 
this skill became difficult to employ. Digitalisation in the current period will have the same 
effect with the deployment of software such as BIM, should it be widely adopted (Watson, 
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2011:9). On the other hand, Holopainen and Jokikaarre (2016), Lawrence et al. (2017:2) and 
Muro (2017) dispute this idea by opining that a technological shift into work process will not 
necessarily replace jobs but will introduce a new demand for different skill sets. This highlights 
the importance of voluntary learning and individual interest and effort in the search for new 
skills (Lawrence et al., 2017:36).  
In an article published by Itweb, Mzekandaba and Pazvakav (2018) discuss a report compiled 
by PriceWaterhouseCoopers (PwC) which reveals that in South Africa 33.3% of vacancies (5.7 
million) are at risk of obliteration owing to the implementation of technological advances. The 
real issue to consider with regard to how digitalisation will affect employment is not whether 
jobs will be lost; it is rather what types of jobs are prone to becoming obsolete (Salento, 2017:2; 
UniGlobal Union, 2017; Windapo, 2016:3). At construction site level women are delegated 
office-based positions such as administrative assistants, file and drawing clerks, for example. 
Studies show that these tasks are increasingly replaced by computerisation.  
The implication is that there will be a resultant decrease in the number of women in 
construction based on this notion (Lawrence et al., 2017:3). 
Looking at a different angle and seeing that digitalisation will open the market to skills’ 
outsourcing, local skills will be at a disadvantage since hiring locally will be more expensive. 
Therefore, technology adoption has favourable results for business through an increase in 
productivity and efficiency but bodes negative effects for the workforce (West, 2015:8). 
Digitalisation will lead to employers reducing their workforce since fewer human resources 
will be required to conduct basic duties. Over the years it has been noted how some technology 
has replaced blue-collar jobs. As digital tools become more intelligent, what will be observed 
is an increase in the replacement of white-collar jobs as well (Le Roux, 2018:1; West, 2015:2). 
Le Roux (2018: 13) also posits that there is available data that reveals a decrease in white-
collar highly skilled jobs. Furthermore, Martin Ford sited in West (2015:7) cautions that a 
downward economic spiral will occur where there will be increasingly less consumer income. 
He additionally states that the economy will reach some point in the future where a bulk of the 
workforce will be replaced by machines and these workers will struggle to acquire new jobs.  
Essentially, according to Le Roux (2018:13), at a glance the introduction of automation seems 
counterproductive based on its effect on employment. A low income means a decrease in 
spending on housing purchases and rentals, resulting in a slump in the built environment. 
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Digitalisation foresees a shift in the human resource structure as well. Pay scales in a theoretical 
sense will not necessarily be proportional to education level and experience but rather to tech-
skills (Jónsdóttir and Zahrandik, 2017:6; Lawrence et al., 2017:28: Mahbub, 2008).  Currently, 
the more senior employees are paid higher wages for their experience:  this is mostly based on 
conventional methods of working. The adoption of digital technology will mean that 
prospective employees will face tech-skills as a pre-requisite for employment and to attract 
such skills, employers will have to adjust their remuneration scales (Le Roux, 2018:4). It will 
therefore cost more initially but become more beneficial to hire technologically skilled 
personnel than to employ a senior candidate who has to resort to conventional methods in a 
company that is intent on a digital transition.  Mahub (2008) also finds that low- to medium-
level jobs that allow individuals with minimal or no educational background to enter the job 
market will diminish in future owing to the demand for tech-skills. This means that 
opportunities will move from an education level to the ability to read and analyse digital data, 
seeing that over two million high-paying jobs do not require a university degree but digital 
skills.  
Johnsdottir and Zahradnik (2017) state in their report that the implementation of digital 
technology will affect the labour market both positively and negatively. Research over the 
years has not conclusively outlined the effects that digitalisation will have on employment. 
While this is seen as an inconclusive dynamic, the report also reveals that four million jobs will 
vanish. This will happen in occupations that entail skilled manual work. Mzekandaba and 
Pazvakav (2018) reiterate this point by stating that tasks that can be anticipated and are of a 
monotonous nature are more at risk of being replaced by machines. Occupations such as 
administration, cashiers, construction, mining and maintenance workers are all susceptible to 
automation. 
vii. Misaligned objectives with public sector regulations and policies 
The public sector in regions such as the United States of America (USA), China and the United 
Kingdom (UK) have positively influenced the level of digitalisation through the administration 
of policies and regulations (Jensson, 2017:2). This approach might not necessarily work for 
developing counties such as South Africa where digitalisation might be in conflict with 
governmental strategies. An example is the Expanded Public Works Programme (EPWP), the 
main mandate of which is job creation with a particular emphasis on ’labour intensity’ i.e. 
manual work (CIDB, 2017:15; Public Works, 2013). All public sector projects prescribe a 
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requirement in the tender process for the contractor to commit to spending as much as 30% of 
the contract value on manual labour. This prescription compels contractors to use minimal 
machinery on site. Moreover, the public sector tenders still require rates in the tender bills of 
quantities to be handwritten, notwithstanding all the tools that can make this process quicker 
and simpler. Digitalisation might be available to those who can afford and access it. However, 
to this effect and based on lack of information it might just as well remain a dormant concept. 
viii. Legal risks  
Laws have not yet been completely adjusted to cater for the use of ICT in the construction 
industry. The industry is intensely contractual and document-based with efficient 
communication being at its core for project success. The legality of documents or any form of 
information communicated electronically needs to be considered. Moreover, the issue of 
intellectual property rights comes into question where a multidisciplinary group of 
professionals come together to design using a single model: how the ownership of the design 
data is determined (Azhar, 2011:250; Mason, 2017:9; Miner and Thomson , 2006:3), who 
provides indemnity, whether everyone is jointly and severally liable for any design failure are 
the issues to be decided on.  Another point to look into with this form of arrangement is the 
frequency of design changes facilitated by each individual, with regard to how it potentially 
affects the rest of the works and the tracking of such changes (Hamdi and Leite, 2014:2). The 
contractor/sub-contractor might not be able to keep up with design revisions (Alshawi and 
Faraj, 2002:36). 
In the case of e-business or e-tendering, the debate still lingers around legal documents, where 
some project participants still regard contracts as agreements done in writing, especially in 
terms of signatures (Alaghbandrad et al., 2011:284). Some clients will not accept digital 
signatures on legal documents which might cause material disputes. Nielsen (2007:255) 
suggests that although ICT usage in the construction sector is gradually progressing, there are 
some factors that have been overlooked that are critical to the operations of a construction 
project such as effective communication.  Based on the multi-disciplinary nature of 
construction projects, effective communication is vital. However, verbal communication needs 
to have binding consequences and ‘legal validity’. 
ix. Lack of digitally skilled candidates 
The lack of information and basic skills with regard to digital tools within the construction 
industry is underestimated. In an article that relates to BIM, Harris (2017) refers to a survey 
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conducted in 2016 which revealed that there is an absence of education related to digital 
construction, especially for complex construction projects. 
Regarding education and training in particular, the continued investment in education and 
training based on traditional trends will lead to a negative growth in digital skills. A digitalised 
company will have digital skills as an employment prerequisite; this highlights the value of the 
structure of higher education curricula and its ability to prepare students based on the 
expectations at employment level. Goos and Manning (2007) as well as De Groen and Lanaerts  
(2016) cited in Frey and Osborne (2013) describe a job shift with regard to the implementation 
of digitalisation, revealing a risk in the lack of preparation and the inability to forecast what 
sort of skills will be ideal for a digitalised industry. Moreover, a well-prepared plan for 
digitalisation is a proactive method to deal with the disadvantages that face a digital shift. This 
method is more manageable as opposed to focusing on the impact of job losses which in most 
cases cannot be completely avoided. 
x. Rejection 
Some studies have noted the rejection of a technological transformation within a company, 
especially by the more senior workers (Alaghbandrad et al., 2011: 284), resulting in financial 
losses as employees gravitate back to traditional methods and new tools and application remain 
dormant (also bearing in mind that some applications have licences that are paid for on a 
monthly basis). This can be a result of a variety of reasons, chief of which are difficulty of use 
of the new tools or simply that the more senior workers are uncomfortable with a new way of 
working and have a perception that technology and the Internet make employees lazy. On the 
other hand, labour workers can potentially boycott machines that are seemingly replacing tasks 
for which they were previously responsible. These tools are a threat to their job security and 
they will simply resort to manual means of working. 
Devaraj and Kohli (2003:105) found that the level of usage of ICT has a direct link with 
company performance: it is not actually how much money was spent to adopt the tools but it is 
whether this technology will be used or not.  
xi. Psychological issues 
There is a seldom expressed concern about the use of technology in the workplace and the 
infringement of privacy (Liu and Tatum, 2017:173). People may generally believe that 
technology use leaves no room for error and the use of biometric readers and surveillances on 
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site will create an uncomfortable environment and have a negative effect on occupational 
health. 
xii. Loss of personal and interactive relations 
With the consideration of social aspects, digitalisation, including the increased use of 
technology, has had a negative effect on how people interact resulting from a decrease in 
physical interaction between them. Likewise, and on a business level, an amplified use of 
digital tools will promote remote working: what this does is to blur working spaces as well as 
working hours (Salento, 2017:2). Moreover, technology creates a sense of constant availability 
(Jónsdóttir and Zahrandik, 2017:5). This poses a variety of issues such as the following: 
 Remuneration ratio for work after hours including the measurement and monitoring 
thereof; 
 Unhealthy interrelations with family members as a result of bringing work home; and 
 Loss of relationships and mutual trust form colleagues, clients and suppliers from lack 
of physical interactions. 
If not planned correctly, it will be an unpleasant surprise to digitalisation investors to realise 
that technology adoption and its integration into business operations is not a transition that only 
happens on the surface; traditional methods need to be uprooted and changed in order to meet 
and comply with new company developments (Datta, 2000:9).  
xiii. Information overload 
Information overload in the work environment is more prevalent now with the development of 
information and communication technology (Anderson and Thorpe, 2004:1). While the access 
of a vast amount of information can be beneficial, the technology developed today collects and 
makes information available faster that the human mind is able to process. This has led to 
employees feeling out of control and overworked which consequently leads loss of job 
satisfaction (Edmunds and Morris, 2000:18). 
 
xiv. Personal injury 
On the basis of safety concerns that are of a significant concern in the construction industry, 
one cannot overlook safety hazards that might occur in a world where human and robots 
interact (Bruckmann et al., 2016:2). Automated machinery functions when and as programmed, 
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and if a safety hazard does not fit some predetermined criteria, the robot will simply not detect 
it. This is as opposed to natural human instinct where humans are adaptable to new and 
unprecedented situations. 
xv. Increased industry competition 
Seeing that technology allows business measures to expand owing to the ability to work 
remotely, business now happens on a global scale where skills are outsourced and expertise is 
offered at low margins since the market is open to anyone who is connected (Holopainen and 
Jokikaarre, 2016:4). This causes profit margins to drop; moreover, it brings about the need to 
verify skills as well as the verification of professional particulars. This takes time and costs 
money.   
xvi. Obsolescence /system failures  
Technology advancements are occurring at a rapid rate; the number of newly introduced tools 
might be difficult to keep up with (Liska and Strukova, 2012:122). Various developers are 
constantly trying to outdo one another or simply fixing issues of existing programs, meanwhile 
creating versions that are a nightmare to keep up with. Besides this fact, applications call for 
constant system upgrades which require network access and also cost money. Moreover, if 
these upgrades are not done as required, applications might crash. Developers seldom highlight 
this fact which will be a cost factor that creeps in at a later stage. This is particularly an issue 
with companies that subscribe to hundreds of licences, bearing in mind that a system failure 
directly affects production, especially when a task is highly depended on a computer function. 
All the factors above are negative ramifications that could occur once technological methods 
are adopted, and methods to deal with such instances require adequate preparation. 
The table below referenced sources of the risks detected relating to the use of digital technology 
in the construction industry: 
 
Table 2. 4: List of critical risk factors associated with digitalisation 
Digitalisation risk factors Source 
Negative returns of investments Cobb, 2001 and Rivard, 2002 
Requirement of additional costs Hudson, 2017 and Le Roux, 2018 
Implementation failure (Inadequate change 
management) 
Peansupap and Walker, 2005 
48 
 
Lack of required technical skills Harris, 2017 
Human error Hamdi and Leite, 2014 
Increase in unemployment 
Johnsdottir and Zahradnik, 2017 and Mzekandaba 
and Pazvakav, 2018  
Work overload Edmunds and Morris, 2000 and Smith, 2003 
Productivity loss Gaille, 2016 and Love et al., 2001 
Complacency – overreliance on gadgets Gaille, 2016 and Love et al., 2001 
Personal injury Tatum and Liu, 2017 
Infringement of privacy Tatum and Liu, 2017 
System hardware/ Software failure Liska and Strukova, 2012 
Protests (Technology rejection) Alaghbandrad et al., 2011and Hlahla, 2013 
Loss of interpersonal communication skills Jónsdóttir and Zahrandik, 2017 and Salento, 2017 
Loss of income Le Roux, 2018 and West, 2015 
Clashes with existing company practices and 
operations 
Li et al., 2016 and Mahbub, 2008 
Increased industry competition Koen and Rust, 2011 and Lekula, 2018 
Legal risks Mason, 2017 and Nielsen, 2007 
Obsolescence Cobb, 2001 and Rivard, 2002 
Data security/Cyber attacks Edwards and Parn, 2019 and Wong and Zhang, 2013 
Asset management risk – loss of equipment or 
devices  
Ahsan et al., 2007 
Compliance violations with public sector practices 
and operations 
CIDB, 2017 and Public Works, 2013  
Source: Researcher’s compilation (2019) 
2.7 MEASURES FOR MITIGATING THE RISK ASSOCIATED WITH 
DIGITALISATION 
Once information has been gathered about the potential threats associated with a particular 
concept, a decision can then be deliberated upon with regard to how to deal with that risk. 
There are four risk strategies that can be used to mitigate risk that digitalisation attracts. The 
methods are described, however, not in detail as this goes beyond the scope of this research 
study. 
The risks associated with digitalisation as described in the section above can be mitigated using 
the following methods: 
 Risk avoidance 
 Risk transfer 
 Risk reduction and 
 Risk acceptance 
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It will benefit future studies to research the best manner in which to manage the above-
mentioned risks based on the following risk mitigation strategies: 
i. The implementation of digitalisation in academia   
In a report prepared by the Council of European Employers of the Metal Engineering and 
Technology-based industries (CEEMET) it is suggested that digitalisation should be a subject 
that is introduced in academia, also that learning should incorporate apparatus that fosters the 
understanding, control and creation of advanced equipment (CEEMET, 2016:4). Moreover, it 
should be realised that training young people who will enter a digitalised sector based on 
traditional skills will prove to be detrimental. In order to facilitate a smooth changeover into 
the job market; curricula should introduce technical and data analysis skills as well as 
vocational training (Bruno et al., 2018:1). This will save time and money as new entrants to the 
work environment will not need to be given basic training once they are hired (West, 2015:16) 
since they would already have attained this at higher education level. 
Similarly, it could be beneficial for researchers in this field to work very closely with 
technology developers in order to gain insight regarding different models, ideas and approaches 
that will be beneficial to the built sector as a whole (Hwang et al., 2003:1). What this will do 
is shorten transition time and alleviate uncertainties regarding positive returns on investments 
in technology in the construction sector. 
ii. Research and development 
Supportive functions within a construction company are significant when evaluating whether 
a technological transformation will be successful. It is important to note that digitalisation 
might look good on paper and employees might understand how it works. However, there is 
no certainty as to whether workers will find it easy to adapt to a technological transformation. 
This resistance will result from technical, economic and social challenges (Barthel and 
Gerhard, 2001:2). Therefore, a change management process needs to be put in place. 
Companies that have succeeded in adopting digitalisation are those which have avoided 
complete industry computerisation. The adoption of technological advances is an expensive 
process that is better off taken piece meal, as suggested by Liska and Strukova (2012). Only 
tasks that are repetitive and onerous should be replaced by automation. Digital systems need to 
function as tools for human beings and not as a method to obliterate human capital. Innovation 
needs to focus on enhancing and not replacing skills (Holopainen and Jokikaarre, 2016). This 
is where the risk lies; a facile perception of digitalisation adoption which may result in its 
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potential rejection once implemented. Furthermore, Damian and Yan (2008:1) suggest that 
research and development in the form of case studies will assist investors in putting adequate 
implementation plans in place when learning from mistakes from previous technology adopters 
in the construction industry. This is corroborated by Hosseini et al. (2012:8) who suggest that 
students should assist in putting potential adopters at ease by researching and presenting 
information collected regarding successful implementation case studies. 
 
iii. Education and training  
It is important to narrow the gap between academia and practical work experience. The two 
should be integrated in order to gauge deficits that require improvement in both fields to 
eliminate risk (UKCES, 2013:8). In addition, Lawrence et al. (2017:34) suggest that to cater 
for those who are affected by a wide adoption of technological tools, public sector intervention 
is necessary, in terms of offering training and redeployment incentives so that employees have 
peace of mind that they will be redeployed in other sectors of the economy.  On the other hand, 
when installing devices such as surveillance cameras and biometric reader for access control, 
one should take cognisance of the manner in which this might have a psychological impact on 
employees who might feel that their privacy is being infringed on. In such cases, it is advisable 
for companies to conduct privacy impact assessments. This will also help companies to stay in 
line with privacy and labour laws. Moreover, employees need to be well informed and educated 
on both an individual and group basis regarding how these devices function and where personal 
data is being collected (Proust, 2013).  
 
iv. Well executed change management strategies 
The shift towards the adoption of technological procedures within a firm is not an overnight 
process. The construction industry is a client- and investor- dependent business; it will be a 
lengthy process to steer the parties mentioned to feel comfortable with a computerised manner 
of conducting business. This puts business at risk as clients might be more confident in 
companies that use traditional methods which, in their opinion, have worked for many years. 
Construction is already a high-pressured sector; investors would most likely avoid worrying 
about the risk involved in doing business digitally over and above the anxiety of obtaining their 
return on investment from a particular project (Fouche et al., 2011:10). Adequately planned 
51 
 
and well executed change management initiatives are what will ensure a smooth digitalisation 
transition. However, this cannot happen in isolation. Change management becomes successful 
if the business culture is positive and is in line with company objectives (Zimmermann, 
2018:1). 
Lee et al. (2015: 5) corroborate the importance of support from top management in the 
implementation of technology by stating that without the commitment and support from top 
management regarding the use and application of technology, the adoption of these tools may 
prove to be risky. 
v. Digitalisation adoption by the public sector 
There are various factors that remain unknown beyond the implementation of digital 
technology in the construction industry. The only way to reduce or eliminate digitalisation risk 
is by implementing a well-prepared approach. Any process that is unfamiliar to stakeholders, 
including the workforce, will be rejected; the distribution of information as well as sufficient 
training is key. Also, higher education needs to prepare students for an industry that is 
digitalised. Additionally, strategies should be put in place to engage government procurement 
specialists regarding the importance of digitalisation for them to establish a benchmark for both 
the public and private sectors. This is mainly based on the public sector’s contribution to the 
construction industry; the government in South Africa is the biggest sponsor of infrastructure 
projects (Dangalazana and Ncwadi, 2005:1). 
vi. Data back-up systems 
Although potentially onerous, to counter large amounts of information loss through hacking or 
viruses, it is beneficial to implement information back-up systems (Alaghbandrad et al., 
2011:284). Moreover, blockchain technology is said to have potential in being instrumental for 
the construction industry considering the volume of information that is created and exchanged 
as well as its security. This will reinforce a sense of trust for stakeholders as well as for 
collaborating parties within a project when it comes to the use of software such as BIM 
(Edwards and Parn, 2019:248:261). 
vii. Adaptation of regulations and policies 
In the instance of legal issues arising from intellectual property rights for designs, terms and 
conditions regarding design rights, including the legality of documents, should be set out and 
agreed to once the professional construction team has been appointed and finalised (Azhar, 
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2011:250). This will avoid disputes later on in the project or during the future life cycle of the 
building should anything go wrong and a claim arise from latent defects. Also, government 
procurement systems should attempt to keep up with advancing digital tools that make the 
market accessible to all, which will generally facilitate quick and transparent tendering.  
A notion that Liska and Strukova (2012:122) emphasise is the point that the implementation of 
technology within working processes should be carried out so that it optimally enhances the 
natural and existing skills of human beings as well as assisting and taking over beyond human 
ability and boundaries in terms of health and safety, as opposed to ultimately replacing human 
labour. 
viii. Adequate planning 
The implementation of any new technology is a risky act, according to Hwang et al. (2003:7). 
They further suggest that to mitigate this risk, adequate planning is necessary to avoid any 
disappointment.  This includes, amongst others, the appointment of a technology committee 
within the organisation to monitor adopted and upcoming trends. New tools should be adopted 
piecemeal and as pilot projects before the system is introduced throughout all business units. 
Furthermore, Alshawi and Faraj (2002:49) contend that an effective strategy to reduce the risk 
of technology adoption within a construction organisation is by doing away with the thought 
that the implementation is merely a matter of investment. Internal business processes, the 
organisational structure, available skills, the current and projected economic state, and political 
factors are all factors that need to be thoroughly evaluated, and all implementation plans should 
be strategized around this information. 
ix. Installation of surveillance cameras and tags 
According to Ahsan et al. (2007:12), the security issue that is a concern as related to asset 
management on site can be managed by the use of RFID tags for every device that is handed 
over to a particular user. This will also enhance the level of responsibility of the individual.  
x. Effecting appropriate insurance policies  
 Mason (2017:9), in his study pertaining to the relevance of intelligent contracts in the 
construction industry, notes the complication that comes with using BIM and the fact that  a 
number of multi-disciplinary professionals are contributing ideas and designs into a single 
platform, namely that there tends to be an unclear record of who provided the solution at a 
given time. Moreover, the platform does not clearly outline intellectual property rights. The 
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solution to this can be for the parties to put a joint insurance policy in place clearly depicting 
the extent of risk and liability. 
xi. Better updated contractual guidelines 
Over and above or in line with adequate insurance policies for dealing with potential issues 
that might suffice due to intellectual property rights, contractual guidelines should clearly 
stipulate what forms of indemnities are required (Alshawi and Faraj, 2002:44; Mason, 
2017:10), which party is expected to carry them out as well as transferring the risk to the party 
who is best suited to deal with it. This does not necessarily eliminate the occurrence of disputes 
but will certainly provide some form of leeway in the process of resolving such disputes.  
xii. Strategic partnering  
All the attractive benefits that the adoption of digitalisation promises indicate no company 
should be left behind. However, to fast track this process, industry players and construction 
participants need to collaborate in order to share insights and concerns regarding the risks 
involved and the anticipated costs, including shared ideas on how to circumvent obstacles 
(Hwang et al., 2003:9; UKCES, 2013:8). A study conducted by Olsson et al. (2019:355) 
regarding 3D printing technology concluded that allocated funds to research and development, 
including a group effort evolving contractors and suppliers, will assist in the successful 
implementation of this technology. In addition, Jónsdóttir and Zahrandik (2017:11) supported 
this notion in stating that a joint effort is required in order to deal with negative repercussions 
of digitalisation adoption, namely a contribution from policy makers, academia, and investors 
from both the government and private sector. Any implementation of a new concept that will 
disrupt normalised processes cannot happen in isolation; strategic partnering is an important 
element to its success. 
The table below referenced sources of mitigation strategies to alleviate the risks concerned with 
the implementation of digital technology in the construction industry: 
 
 Table 2. 5: List of risk mitigation strategies associated with digitalisation               
Mitigation strategies for digitalisation risks Source 
Realistic budget forecasts and planning  Hwang et al., 2003 and Lee et al., 2015 
Adequate change management plans Henderson and Ruikar, 2010 and Gustavsson and Vass, 
2017 
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Vocational experience Bruno et al., 2018 
Skills transfer Ahmed et al., 2017 
Re-skilling Lawrence et al., 2017 
Research and development Olsson et al., 2019 and Zimmermann, 2018 
Education and training Hwang et al., 2003 and Salento,2017 
Implementation of data back-ups Alaghbandrad et al., 2011 
Adaptation of regulations and policies Fischer and Herr, 2017 and Jensson, 2017 
The development of case-studies showing potential 
benefits 
Hosseini et al., 2012 and Damian and Yan, 2008 
Effecting appropriate insurance policies Mason, 2017 
Adoption of strategic partnering Hwang et al., 2003 and Jin et al., 2017 
Better updated contractual guidelines Alaghbandrad et al., 2011 and Alshawi and Faraj, 2002 
Installation of surveillance systems Ahsan et al., 2007 
Public sector intervention  Jensson, 2017 and Liu, 2017 
 
Lessons learnt 
A concept of digitalisation in the construction industry was explored through previous and 
current literature. The following summary contains lessons drawn from the literature review: 
As an introduction, the literature reviewed the definition, characteristics and effects of 
digitalisation in the construction industry. In addition, the benefits of implementation were 
explored which revealed an increased productivity, improved quality, reduction in overall costs 
and improved health and safety. All these benefits have the potential to alleviate the challenges 
that plague the industry and hence motivate the implementation of advanced technological 
tools. Furthermore, the literature revealed negative effects associated with the implementation 
of technology, which need to be proactively addressed. Lastly, available methods to potentially 
circumvent the risks that threaten successful digitalisation implementation were considered. 
2.8 CONCLUSION 
 
Books, Internet articles and published research material were reviewed in this chapter. From 
this information; the general overview of the construction industry was discussed. Furthermore, 
‘digitalisation’ was defined and discussed relative to the construction industry to reveal some 
of the benefits associated with it as well as the challenges that are linked to its implementation. 
Moreover, it was found that the adoption of digitalisation attracts negative consequences; these 
were deliberated together with risk mitigation methods to help counter the negative 
ramifications linked with digitalising the construction industry.  
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The following chapter will review international literature outside of the African continent to 
reveal the level of digitalisation, barriers and the effect that the use of digital tools have on the 
construction industry. 
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CHAPTER THREE 
DIGITALISATION IN THE CONSTRUCTION INDUSTRY: INTERNATIONAL 
LITERATURE REVIEW 
 
3.0 INTRODUCTION 
In this section, literature relating to digitalisation in the construction industries of China and 
Germany are reviewed to offer an international perspective. Firstly, the state of the construction 
industries in the respective counties is evaluated based on existing studies. Following that, the 
chapter examines the level of digitalisation and the factors affecting its implementation. Lastly, 
the benefits and effects of the adoption of digital technology within the respective regions are 
considered. 
 
3.1  CHINA 
3.1.1 Background 
3.1.2 The construction industry in China 
 
According to Chen et al. (2017:212), the EUSME Centre (2015:8) and Jin et al. (2015: 493) , 
China is the largest market in the world when it comes to the AEC sectors and the construction 
industry itself is the biggest industry in China (Chen et al., 2019:3). It is further described that 
although Asia is subdivided into 48 countries, China alone contributes to approximately 50% 
of the Asia-Pacific revenue for the AEC sectors, according to the Marketline Industry Profile 
(Jin et al., 2017: 1). Moreover, the prospects of the AEC industries look good as they are 
projected to grow by close to 13% in the next five years (Jin et al., 2015: 494).  A significant 
contributory factor to this is public sector spend on infrastructure construction, including urban 
development (Wu and Zhao, 2017:47). Nonetheless, Bai and Huang (2013:2) note that despite 
China’s prosperous stance and reputation relative to the domestic economy, research has 
revealed the country to be less competent according to international standards. This is based 
on the country’s lack of innovativeness and its continued use of unsophisticated construction 
technologies and equipment.  On the other hand, according to Schaar (2017), the Chinese 
construction industry, much like that of any other country, is a significant consumer of 
resources and minerals. Then again, there has not been a significant growth forecast 
(approximately 4-5%) for the automation of divisions in sectors that manufacture and provide 
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steel, mining and construction materials. This is owing to the oversaturation of workers at 
factory level as well as the declining activity in the construction sector. 
Construction projects face a number of obstacles in China which inevitably lead to 
ramifications that affect project budgets and programmes. One of the issues that Wong and 
Zhang (2013:27) mention is remote construction sites, including the use of traditional and 
paper-based methods to manage projects. Moreover, Zhang et al. (2016:1457) posits that the 
need for the utilisation of technology tools in the Chinese construction industry was brought 
about by negative characteristics such as low productivity, inadequate quality, the amount of 
resources and energy used, safety issues as well as the impact of the sector on the environment. 
Zhang et al. (2016:1457) furthermore highlight the importance of the implementation of 
sophisticated construction methods for the purpose of improving the performance of the 
construction sector in China. A number of IT systems and digital programs have been 
developed with the intention of alleviating construction project-related issues. The problem lies 
with the reluctance of use, and this is based on there being insufficient practical stories of 
successful implementation, especially in China (Wong and Zhang, 2013:29). 
 
3.1.3 Level of digitalisation in China 
China has the largest economy in the world, especially in relation to its AEC sectors. However, 
with this significant economic value comes an increase in informatisation. The use of the 
Internet is rapidly growing in developed regions in China. Liu (2017:2180) highlights the 
Internet dissemination at a rate of 53.2% and the fact that 697 million people own mobile 
phones. Notwithstanding this data, there exists a digital divide in China as a result of social 
inequalities in the country (Liu, 2017:2180).  However, Loo (2012) cited in Liu (2017:2181) 
suggests that through the development of mobile access and the local government intervention 
in Central and Western China by facilitating an increase in affordable Internet access, a decline 
in digital inequality has been observed. Similarly, an example is in regions such as Shichuan, 
where the public sector has developed policies that boost Internet usage by developing ICT 
infrastructure. Moreover, government and private sector funding into big data, cloud 
computing and e-commerce has been stimulated. 
Feng (2006:1) Notes that the construction industry, although not at an optimum pace owing to 
barriers such as investment uncertainties, lack of adequate Internet infrastructure or general 
resistance to change, is catching up to other industries with the development and adoption of 
58 
 
digital tools. He further mentions that the most prominent and widely used tools are office 
applications, CAD tools, and software and communication networks. He stresses that CAD is 
the most widely used tool in the Chinese construction industry. However, remote working is 
not common in the sector mostly owing to problematic Internet infrastructure.  
Regions such as Shanghai/Suzhou are the most technologically established in China as noted 
by Fischer and Herr (2017:182). Their study also revealed that larger companies were the 
chosen case studies as they were found to be more technologically advanced compared to 
smaller firms. Furthermore, the participants of the study indicate that BIM is not used to its 
optimum function; hence what they have experienced is clients being against the adoption of 
technology since they view it as an insignificant investment (Fischer and Herr, 2017:185). 
A study that was conducted in 2009 by Tai et al. (2009:142) investigating communication in 
large-scale projects in China revealed low levels of digital technology usage. Findings from 
the quantitative data analysis indicated that project communication was mainly through face-
to-face communication (55%), letters (26%), and telephone or fax (10%). Email 
communication was found to be a rare occurrence owing to the legal standing of letters as 
opposed to emails in China. Furthermore, project participants were reluctant to share designs 
electronically because of intellectual property concerns. 
To counter the adoption and implementation deficits the government in China plays a major 
role in technology adoption through the enforcement of policies and regulations (Fischer and 
Herr, 2017:180). An example is the use of BIM: through the Ministry of Housing and Urban-
Rural Development (MOHURD) and its 13th national five-year plan, the Chinese government 
highlighted the significance of adopting a digital tool such as BIM and has in the same token 
provided a concise implementation plan (Wu and Zhao , 2017:48). All of this is with the aim 
of improving the construction industry in the country. 
 
3.1.4 Digitalisation barriers in the Chinese construction industry 
With the implementation of certain technologies, companies face barriers such as structure 
standards and regulations, the non-existence of interoperability, single phase-based usability, 
return on investment uncertainty and transformation resistance and transitioning from 
traditional methods. This was noted by Ding and Xu (2014:2), Jin et al. (2015: 494) and Kim 
and Liteng (nd: 414). 
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Resistance to change  
Jin et al. (2017:1) acknowledge the increase use of digital tools as the AEC industries progress. 
However, they also note barriers to implementation. These challenges are attributed to 
perceptions of industry players with regard to the effects digital tools will have on their 
businesses. The continued use of traditional methods is a meaningful barrier to the widespread 
adoption of digital processes as well as the low reception readiness of contractors in China 
(Wong and Zhang, 2013:43). Government policies will play a significant role in standardising 
the use of digital technology in construction projects. The fact that some companies are lagging 
behind those that can afford digitalisation is an insurmountable issue and a drawback (Jin et 
al., 2015: 493:498). 
Chen, et al. (2017:213) state that the two main processes that are facilitating the Chinese AEC 
sector to evolve into more innovative functions are sustainability and digitalisation. This is 
contradicted by Neumann (2017:102) who acknowledges a lack of digitalisation in China. His 
view is that the scarcity of digitalisation adoption in the country is not particularly the 
unavailability or slow production of tech tools but that the problem lies with the lack of a skill 
set that is competent enough to expedite the implementation thereof. 
Digital tools cause a shift in existing operations and procedures, according to Li et al. 
(2016:40). Relative to contemporary working methods, the implementation of technological 
tools will result in more work which consequently tampers with the current flow of operations. 
this is more frequently seen in design companies. Additionally, because of the inadequate 
knowledge and understanding of digital tools from a client/owner’s perspective, it is believed 
that it is a lengthy procedure to transform from traditional management mechanisms to more 
sophisticated ones required by tools such as BIM, for instance. Furthermore, there remains an 
inherent reluctance to change from conventional methods of working. On the other hand, it is 
highlighted that the government in China has a strong hand in the activities of the construction 
sector which creates barriers with regard to internal decision making in cases where there is a 
clash with existing established public sector policies (Gao and Low, 2014:9). 
Government regulations and policies 
With reference to international hardware and software suppliers of tech tools, annual statistics 
reveal that China lags behind countries such as the USA and Europe in the industrial use of 
information technology (Neumann, 2017:94). Moreover, the public sector in China highly 
regulates the level of digitalisation in domestic industries. For example, the country’s cyber 
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security indicates that anything and everything that is published online has to be pre-approved. 
On the other hand, China is making attempts to become globally digitalised and an IT leader.  
Therefore, it has dropped sanctions by making regions such as Shanghai a free trade zone with 
the intention of promoting the increased use of cloud computing (Neumann, 2017:96). 
The Chinese government plays a significant role with regard to the magnitude of technology 
development and use in the country (Liu, 2017:2). The existing data exchange ‘firewall’ 
prohibits information and trend awareness within the country and internationally (Fabre, 
2018:9). Therefore, students will always be delayed when acquiring the skills to digitalise the 
market and keep up with developments around the world (Neumann, 2017:102). 
Notwithstanding digitalisation barriers, there are efforts being made by the government with 
the aim of increasing the use of digital technologies. For example, Cao et al. (2016) who are 
cited by Jin et al. (2017:2) note an increase in the use of tools such as BIM in the Chinese AEC 
industries.  This is as a result of the intervention by public sector specialists. Furthermore, Jin 
et al (2017:2) study reveals that by December in the year 2014, 67% of construction companies 
countrywide had begun using BIM and approximately 10% of the clients had experienced the 
use of BIM in more than half of their projects. 
Education and training/ lack of skills 
Based on Chan’s (2018) view, the real problem pertaining to digitalisation is beyond the 
nonexistence of technological tools required for a digital transformation in the Chinese 
construction sector. Arcadis, a design and consultancy company for natural and built assets 
based in China, conducts yearly surveys and the results in the year 2016 recorded that there are 
other regions in Asia that surpass China in terms of expense in the construction industry. 
However, when taking the requirements of a digital transformation into account, it appears that 
China will face issues such as developing, hiring and training workers that are getting old 
(Chan, 2018). Chan (2018:1) confirms this by positing that “…the other reality is that 
technology is not just a common understanding. It requires a standardization and changing of 
working culture, processes and procedures not just within the contracting entity, but throughout 
the whole supply chain. This again will call for additional training, process alignment and 
investment”. 
 Chow (2018:9) acknowledges the vulnerability to jobs losses at the expense of automation, 
more particularly regarding jobs that demand less education and skills requirements. He also 
posits that the solution to this issue is through equipping employees with skills to alleviate the 
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replacement of tasks by robotics. Moreover, vocational training is deemed a vital factor to 
counter job losses. However, vocational training programmes in China have not been given as 
much attention as increasing the number of universities in the country (Chow, 2018:9). 
Security concerns  
Based on the fact that a variety of project arrangements in China exist whereby project 
professionals are widely dispersed, even in different countries at times (Tai et al., 2009:137), 
communication, project monitoring and the sharing of information becomes challenging. To 
counter this issue, developers have created a number of web-based project management 
systems to assist in the flow and access of information by construction project participants as 
these systems allow information to be stored and accessed via the Internet through cloud 
storage. These systems exist and will alleviate typical project issues that stem from deficient 
communication. However, they are not widely used owing to security concerns and the 
vulnerability of corporate data pertaining to finance and commercial interests (Wong and 
Zhang, 2013:37). 
Uncertainty in possible returns on investment  
The slow adoption of technology in the Chinese construction industry is attributed to the 
uncertainty whether the tools will improve productivity as mentioned and therefore produce 
the required returns (Feng, 2006:1). Moreover, according to Chan and Liu (2007:190), the issue 
with regard to the implementation of technology is that sometimes it is not used, and hence 
becomes a wasted investment. 
Gao and Low (2014:6) investigated the barriers to lean implementation in the construction 
industry in China and the following obstacles were identified: non-existence of a long-term 
philosophy; a rare lean culture among construction participants;  the circumvention of 
responsibility and decision making being an issue; the fact that there is insufficient use of the 
design and build procurement method; the traditional method takes away a sense of 
collaboration and the early development of relationships. In addition, what is a critical barrier 
to lean implementation is that people are not aware of lean construction; construction workers 
in China are generally not backed up with training in order to possess the knowledge that will 
allow them to integrate lean concepts. 
Moreover, Gao and Low (2014:7) noted the limited use of off-site techniques and inadequate 
management skills, referring to the notion that construction professionals in China understand 
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and are knowledgeable about technology but lack management abilities and that this 
knowledge is rarely transferred to the lower end of the management hierarchy. The issue which 
remains with regard to providing the required skills to allow employees to conduct tasks in 
such a way that will increase productivity and efficiency but using much fewer resources 
pertains to the occurrence of job hopping by employees, where other companies benefit from 
such an investment. Hence the industry notes a lack of training as one of the barriers of the 
implementation of technology in the construction industry.  
3.1.5 Digitalisation benefits and effects in the Chinese construction industry 
The adoption of digital technology tools in China has recognised some benefits. Wang and 
Zhao (2014:261) conducted a study to compare BIM and traditional cost estimating tools to 
establish which of the two is more efficient in performing construction cost control. The study 
revealed that BIM was 35% faster compared to traditional methods which is based on 2D 
drawings. However, what is important to note is that although BIM was quicker, the amount 
of time required for training was double that of traditional tools. The overall study revealed 
that, with the exception of the training duration, BIM was the better option based on efficiency 
and time required for implementation (Wang and Zhao, 2014:261). 
Strategic measures for successful technology implementation in the construction sector 
in China 
To counter some of the barriers related to the adoption of technology in the Chinese 
construction industry, strategic methods have been attempted such as an increase in 
government capital expenditure in telecommunications infrastructure, the advancement of IT 
education,  the growth of human capital, positive utility of on-line/web-based information 
management systems to facilitate collaborative communication systems, the broadcast of 
advantages and tangible benefits in adopting IT-based communication systems, development 
of an  IT implementation policy and a push for tax reductions to encourage the industry (Feng, 
2006:3). 
It is evident in research that the rapid uptake of digital tools in countries such as China has been 
greatly influenced by the collaboration of multi-disciplinary sectors which have a common 
goal, which is to bring value to the constructions industry and all other sectors affected by its 
success. As an example, Chan and Liu (2007:183) and Kim and Liteng (2010: 413) state that 
the public sector, policy makers, software development companies, designers and estate 
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developers were all privy to the success of BIM implementation in projects such as the Olympic 
Games held in Beijing in 2008. 
3.1.6 Conclusion 
This section of the literature review was based on the construction industry in China and the 
digitalisation thereof. It is meaningful to note that an observation of a plethora of studies 
conducted in the region on the digitalisation of the construction industry mainly focused on the 
adoption and use of BIM and CAD-related benefits and barriers to its implementation and not 
much on other technological tools, specifically in the AEC industries. Moreover, this was also 
noted in a study conducted by Belle (2017:279). 
 
3.2 GERMANY  
3.2.1 Background 
3.2.2 Construction industry in Germany 
The construction industry in German is regulated by the German Building Contract Code which   
stipulates contractual processes and awarding procedures. There is a distinct feature in the 
industry where construction work is solely driven by master crafts-persons. This requires proof 
of qualification for handicrafts before any rights are permitted to the management of building 
firms, where low-skilled and self-employed personnel are at a disadvantage (Johansen and 
Walter, 2007:21). However, this has been alleviated by vocational training as well as 
amendments to the Building Contract Code.  
Generally, however, the construction sector in the country is facing skill shortage issues, 
whereby two-thirds of companies find it challenging to acquire employees that are adequately 
qualified (European Construction Sector Observatory, 2018:2). Moreover, the sector has been 
experiencing a decline in construction investment over the years even though construction 
operations are evolving. This is seen with larger construction companies opting for general 
contracting as the main procurement method and acting as management firms since the actual 
building works are subcontracted to a number of smaller enterprises (Johansen and Walter, 
2007:20).  
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3.2.3 Level of digitalisation in Germany 
 
Germany is dubbed the “leader in technological development” (Grune, 2018:6). Similarly, 
Dauth et al. (2017:7) mention how this country is a stimulating source of information as regards 
the adoption of robotics.  These are much more widespread when compared to regions such as 
the US and Asia. This is probably owing to the fact that Germany typically engineers robots as 
opposed to only being end users. However, with regard to the level of ICT development, 
Germany ranks 4th behind the USA, Japan, and China (Troillet, 2011:3).  In addition, the 
presentation of Industry 4.0 was done at the Hannover Fair in 2013 by the German Government 
which particularly emphasised the efficacy digitalisation would bring to productivity in 
companies and consequently on the country’s economy as a whole (Felipe, 2019:2; Martinez, 
2019:3). Moreover, the German Trade and Invest fact sheet for 2018/2019 noted the level of 
success the robotics and automation industry in Germany has achieved: the average yearly 
growth is marked at 10%. Also, in the period 2010 to 2017 the country has been recorded to 
reach approximately twice the turnover amount as compared to the figures previously recorded, 
according to Grune (2018:3). Furthermore, what is important to note is the direct proportion 
between enterprise size and the level of digitalisation. This was noted in a study conducted by 
Zimmermann (2018:1).  Moreover, consultancy companies as well as manufacturers with a 
strong research and development foundation are more likely to adopt digitalisation. 
According to Windhagen et al. (2017:6), the following factors; competitiveness of the German 
economy, a population that is growing older, including its employment growth places the 
country in a fair advantage to tackle trends that are disruptive in nature. Windhagen et al. 
(2017:6) contend that Germany has adequate resources for a digital change and has taken 
adequate measures to prepare for it. Currently many distinct enterprises are rapidly becoming 
industry leaders in the Internet of Things (IoT). However, on a global scale Germany has only 
managed to harness 10% digital potential, which puts it behind countries such as China and the 
USA especially in the manner in which artificial intelligence (AI) is holistically implemented, 
taking into account the perception that its adoption will fast track digital transformation. 
The German construction industry has seen some positive attributes with the implementation 
of technology, with particular reference to industrialised construction. Hamid et al. (2011:1) 
note the advantages that are attributed to this approach in the construction of houses, where the 
benefits were linked to better quality and good value with the ability to pick between different 
designs as well as the circumvention of policies imposed by the public sector. 
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As much as research studies take note of the negative effect that digitalisation will have on 
employment, this should not be the case for Germany as the real issue in this region is an ageing 
population. Therefore, policymakers should focus more efforts into preparing employers of the 
potential change, more particularly with regard to its effect of inequality and remuneration 
(Windhagen et al., 2017:6). Moreover, Windhagen et al. (2017:6) further reiterates the impact 
which digitalisation will have on low skill jobs by reducing the percentage of hours worked by 
62-77 %, as opposed to a reduction of 18% for highly skilled jobs. This all puts pressure on 
demand and pay scales. 
The private sector, public entities and academia have come together to implement a region-
wide project with the aim of encouraging IoT. This project was primarily initiated by the 
introduction of Industrie 4.0.  Despite the fact that the promotion of IoT was mainly focused 
on the manufacturing industry, the country has publicised measures that encourage other 
industries as well as the general society. To this end in 2016 Germany launched the Digital 
Hub Initiative which began at one city (Silicon Valley), but has now appointed 11 additional 
cities as digital centres (Sekai, 2017:2).  
In the construction industry particularly, digital tools such as BIM were recommended by the 
National Commission in 2014 after it was noted that a number of large-scale construction 
projects were unsuccessful. The aim was to reduce project risk by managing the complexity of 
big projects (Borrmann, 2015:871). Also, Deibert et al. (2009:2) mention that research material 
on the use of mobile technologies in the construction industry mainly focuses on its use by 
management and not particularly by site staff. At the same time, it highlights the importance 
of timeless access of accurate information at this level and its contribution towards reducing 
wastage and optimum resource utilisation.  
Considering an occupational health and safety perspective in the construction sector, Germany 
still has to increase efforts for improvement. It is estimated that the country experiences 100 
fatalities every year (Melzer et al., 2013:3203); these are linked to the lack of an integrated tool 
that digitally links a specific project to the inherent safety hazards. Construction sites still rely 
on 2D drawings and manual record input as well as standardised health and safety plans from 
project to project (Melzer et al., 2013:3204). Furthermore, Liska and Strukova (2012:121) 
mention that in Germany most efforts are concentrated on the improvement of concrete 
equipment and plant. However, on an aggregate basis digitalisation in the construction industry 
is fairly low (Zimmermann, 2018:2). Statistics reveal that when comparing SMEs with 
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completed digitalisation projects between 2014 and 2016, the construction industry recorded 
13% as compared to manufacturing services (20%) and research and development (31%). 
3.2.4 Digitalisation barriers in the German construction industry 
 
Inadequate infrastructure 
Both (2012:142) suggests that when considering the reason why technological tools have been 
implemented at a slow rate in Germany, one needs to consider the size of AEC firms in the 
region. It is noted that 92% construction companies in the country have 20 workers or less and 
architectural and engineering entities only house three to five employees. This was provided 
by Ebers and Hemmerich (2006) and the German Federal Statistical Office (2010) sited in Both 
(2012:142). Moreover, the absence of widespread use of digital tools is attributed to the 
constant use of outdated software and the lack of exploitation of the benefits of innovative tools 
(Both, 2012:142). 
Lack of information and knowledge  
A study conducted by the Federal Ministry for Transport, Building and Urban Affairs 
(BMVBS) with the aim of compiling a guide for Germany for BIM requirements was firstly 
conducted by appraising the current status and the knowledge level of the software. The 
research revealed information and understanding deficits as well as an anxiety with regard to 
using BIM, including other software systems (ZukunftBAU, 2013:2). Johansen and Walter 
(2007:20) conducted a study to reveal the level of use of lean methods in the construction 
industry in Germany. They described lean methods as the process of “…applying tools and 
techniques throughout different stages of a project” and found that the majority of German 
construction companies are either unaware of this technique or that cultural issues were a major 
obstacle to any potential implementation strategies. 
Resistance to change  
Jahansen and Waters (2007:20) advised that the successful implementation of lean construction 
requires the uprooting of prevailing outdated systems with regard to how the company operates 
as well as the internal culture. However, the benefits of the resultant uptake of lean methods 
have not been realised since the challenges that comes with changing existing mental models 
have been underestimated. Moreover, decision-makers are insistent on keeping with centralised 
methods of decision making. 
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3.2.5 Digitalisation benefits and effects in the German construction industry 
 
Recent public procurement regulations in the EU compel all publicly funded construction and 
infrastructure projects in all EU member states to utilise BIM. Based on these requirements a 
few infrastructure projects were chosen as pilot projects to evaluate how BIM works in order 
to better understand it. This was conducted especially in railway projects. Particular interest 
was focused on legal standards, project operations and IT infrastructure. To this effect, the 
Hanover Central Railway Station renovation project was reported on. An important note is that 
this project consisted of a collaboration of multi-disciplinary engineering firms and the station 
was operational throughout the project. This highlights the importance of effecting efficient 
communication, including the importance of the consistent accessibility of information 
between all the consultants, including stakeholders (Ehrbar, 2016:2; Zimmermann, 2018:1). 
Benefits such as transparency of information and data, consistent information flow, early 
detection of design errors and, model-based closed detection were realised. 
Despite a number of benefits that are noted from the use of digital technology in construction 
projects in Germany, there still remain negative repercussions associated with the uptake in 
this country. 
Skills polarisation and job losses 
Instances of digitalisation uptake have experienced a trend whereby the effect has been the 
polarisation of job categories, where low-skill jobs and highly skilled employees have been in 
demand while a number of job losses were noted in the middle of the skills distribution. 
However, this has not been a similar case for Germany, according to Rendall and Weiss (2016) 
cited in Eichhorst and Rinne (2017:5) where the split in job categories has not been as dramatic 
as in other Europerian countries.  The effect is owed to the country’s dual apprenticeship 
system. 
In terms of the effect of automation on the labour market, Eichhorst et al. (2016:4) reveal 
different repercussions associated with the uptake of automation for the labour market in 
Germany. Two scenarios are mentioned: one analogous approach estimate predicts automation 
will place up to 42% jobs under threat; on the other hand, from an activity-based approach, 
only 12% jobs are at risk of automation. The authors suggest that the negative effect of 
automation has in most cases been extremely overrated.  
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After evaluating the different occupancies that were susceptible to eventual obliteration as a 
result of automation, creativity, social intelligence, and entrepreneurial thinking skills are 
mentioned to be essential for job retention (Eichhorst et al., 2016:5). 
Negative economic growth 
Skills shortage is an issue from which Germany is not exempt. While some companies have 
not yet experienced extreme cases, some entities ascribe their lack of progress to the absence 
of skilled employees.  This consequently makes skilled workers a scarcity and therefore an 
expensive resource. Despite this fact, the introduction of digitals tools still remains a concern 
regarding its perceived negative effect on jobs: fewer jobs mean a decline in the GDP per 
capita; this leads to reduced consumer spending and consequently, a negative growth for the 
economy (Traud, 2018:1). It is for this reason that stakeholders might take a step back when 
considering the implementation of digital technology for a business. However, Traud (2018:2) 
mentions that structural change is a norm for disruption such as digitalisation, where such a 
process will result in sectors facing negative consequences as well as benefits. Nevertheless, 
history reveals that where technology has been introduced, the aggregate effect has been an 
increase in job creation throughout the technology revolution, even in Germany (Eichhorst et 
al., 2016:6). 
Changes in the type of employment  
According to Rinne and Zimmermann (2016) cited in Eichhorst et al. (2016:7) the evolution of 
work through innovation will see not only job profiles change but also the type of employment, 
blurred lines will occur between private life and work life resulting from flexible work spaces 
caused by network-based corporations. As highly skilled workers become a scarce resource 
owing to pressure from competition and innovation, flexible work hours and work 
arrangements will be standardised. This poses negative effects as it will create a grey area with 
regard to professional life and family life, amongst other factors (Eichhorst et al., 2016:6). 
Lessons learnt 
Most of the theory associated with digitalisation, automation and technology references the 
manufacturing industry more dominantly than the construction sector. Both countries, namely 
Germany and China, have an active level of public sector involvement when it comes to efforts 
of standardising or proliferating the use of automation in the construction industry. 
Additionally, it is important to note the direct proportion of technology uptake with the size of 
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a company; bigger companies are more likely to use and have funds to invest in technology as 
opposed to the smaller firms.  
3.2.6 Conclusion 
This chapter presented a review of literature relating to construction industries in China and 
Germany. The chapter further provided a comprehensive review of digitalisation adoption 
through the examination of case studies and literature collected in both countries. The findings 
revealed the common barriers and benefits of successful implementation of digitalisation in 
both micro and macro construction projects.  
The subsequent chapter will review literature relating to countries in the African region in 
terms of characteristics of the construction industry and the level of adoption of digital tools, 
including undesirable adoption experiences, as well as lessons learnt. 
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CHAPTER FOUR 
DIGITALISATION IN THE CONSTRUCTION INDUSTRY IN SOUTH AFRICA 
AND OTHER AFRICAN COUNTRIES 
 
4.0  INTRODUCTION  
 
This chapter undertakes a theoretical appraisal in order to gain perspective of the uptake of 
digitalisation in the construction industry of various African countries. What will be deliberated 
are the challenges faced and methods established to overcome these challenges. This chapter 
firstly reviews literature which looks at the overall state of the construction industry in Africa. 
What follows is a general overview of the implementation and usage of digital technology 
within different countries in the African region. The chapter concludes with lessons learnt from 
the literature about negative ramifications that are associated with digitalisation in the 
construction industry in order to highlight the risks. 
4.1.1  The construction industry in Africa 
 
As in other developed countries, the construction industry in a number of African countries is 
a major contributor to job creation and general economic growth (Kokwasi and Sospeter, 
2017:1689).   
It is also noted that despite the industry’s positive attributes, there are some challenges that are 
important to note and improve on.  What is of particular interest is the use of inferior 
technological tools in the Tanzanian construction sector (Kokwasi and Sospeter, 2017:1691). 
Studies reveal that on a worldwide comparison, the sub-Saharan region is the least advanced 
in terms of information technology (Gyamfi, 2005:26). In cases where there are traces of 
technology use, the tools do not work well with pre-existing systems. To support this fact, Al-
Mudimigh et al. (2004) are cited in a study conducted by Emuze and Kadangwe (2017:59) 
about value creation and inherent constraints in the Malawian construction industry. What they 
make known are issues that the industry is dealing with which include technology 
incompatibility. Moreover, Datta (2000:2) notes the challenges facing the construction industry 
in developing countries: over and above low profit margins and lack of training, what is 
mentioned is the lack of investment in research and development that will allow the industry 
to keep up with innovative developments and technological tools. 
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Langford and Zawdie (2000:1), on the other hand, contend that investment efforts have not 
succeeded in achieving sustainable infrastructure in sub-Saharan Africa. This is mainly due to 
the stagnancy of the construction industry and its inability to cater to the requirements of local 
economies. Moreover, the use of top-down management strategies for infrastructure 
development has made it difficult to achieve appropriate and sustainable infrastructure systems 
and the reduction of associated costs. 
4.1.2  Digitalisation in Africa 
 
Africa is the second largest continent by area and accounts for 15% of the world’s population. 
However, it is considered to be technologically backwards. This is based on statistics that 
reveal that Internet usage is as low as 1% in Africa on a global comparison. Physical 
infrastructure, legislation and public policy, accessibility, scepticism, lack of information and 
education, interoperability, budget constraints as well as other national and organizational 
factors have been noted as contributory factors towards a slow uptake of digital technology in 
developing countries (Edoho, 2013:10). 
The study of ICT and digital technology uptake in Africa can become a very complicated issue, 
where opinions about the development of the continent by means technology implementation 
can vary significantly. Some may see digital technology as imperative towards the eradication 
of poverty in the region by virtue of access to the global market, whereas some see a 
polarisation effect caused by globalisation where this will form a solid line between the ‘haves 
and the have-nots’. On the other hand, because 34 of the poorest countries out of 50 are in 
Africa (Ebehon, 2002:7), many believe that Africa is faced with far more burning issues and 
the focus on ICT is too optimistic. This is more related to the fact that in some regions, the 
proposition is either food or a phone or either bread or a computer (Edoho, 2013:15).  This is 
substantiated by Schelenz and Schopp (2018:1413) who mention that other basic needs such 
as housing, food, health, and education generally outplay the importance realised with ICT 
implementation. 
With the focus on the built environment, it is noted by Ezeokoli et al. (2016:28) that although 
the construction sector in African countries is not stagnant in terms of technology use, there is 
still a prolific use of paper-based processes in regions such as Nigeria. A critical issue with the 
construction industry in Nigeria is lack of a skill set and the absence of trained personnel who 
will drive digitalisation. Similarly, Edoho (2013: 25) opines that the dissemination of ICT and 
technology in the African region depends largely on the prerequisite of the investment in 
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technical skills to avoid failure of any intended implementation plans. He further states that 
there is a general gap in ICT skills among Africans, where it is rare to come across system 
analysts, programmers, maintenance experts and consultants. This is more related to the lack 
of investment by most African countries in educational facilities that will provide foundational 
skills as well as ongoing development. Investors in technological tools should take note of the 
fact that educational institutions offer minimal training, if at all, for the use of digital 
technology in preparation for employment level. Graduates then tend to require training once 
employed or seek additional education to gain basic technology skills in order to become 
employable. This additional cost is hardly factored in by employers. On the other hand, 
graduates remain unemployed owing to the lack of experience with the use of software 
packages that are used in the construction industry (Oyediran, 2005:5). 
Edoho (2001:132) is quoted as saying that “…the real problem is not merely a shortage of 
specific managerial skill, but a more general and pervasive lack of abilities to absorb and 
internalize technical knowledge”. Another important factor is that much effort might be made 
to roll out technology usage in Africa. However, what is experienced is a lack of funds to 
upgrade and maintain equipment and any telecommunication infrastructure and systems. 
Kabanda (2011:2) notes that “…African countries are largely end consumers of technology 
and fall among the late majority (34%) and laggards (16%) with respect to ICT innovation”. 
On the other hand, Oladapo (2007: 266) investigated the use of ICT in the Nigerian 
construction industry and discovered that almost half of the companies showed regular use of 
project planning software (Microsoft Project). Also, only 2.4% use software that is 
programmed in-house over and above the standard quantity surveying software where WinQs 
(41.5%) was noted to be the most used by quantity surveyors for take-offs and bill of quantity 
preparation. Moreover, engineers and architects preferred to use CorelDraw, AutoCAD and 
ArchiCAD for their designs and illustrations. AutoCAD was noted to be the most used by 
73.6% of the firms, thereby proving to be relatively popular. 
 With regard to word processing and presentation; Microsoft Word 2000 as well as Microsoft 
PowerPoint were the most frequently used.  With this level of uptake, the perceived benefits of 
digital technology uptake were ranked from one to seven with qualities pertaining to ease of 
performance of tasks, improved quality of work, faster work execution, improved productivity, 
enhanced public image, cost savings and simplified decision making (Oladapo,2007: 268). 
There are also some similarities in terms of the use of digital technology within different sectors 
of the construction industry in Uganda as compared to that of Nigeria Kyakula and Mutesi 
73 
 
(2009: 269) indicated that Microsoft Word and MS Excel including PowerPoint were the most 
frequently used forms of digital technology. In addition, AutoCAD was the next most 
frequently used by architects and engineers for design and drawing. On the other hand, Master 
Bill is prevalent in quantity surveying firms and Microsoft Project is used for project 
preparation. Furthermore, most other companies utilised computers for bookkeeping, whereas 
mobile phones, the intranet, and Internet are basically used by employees for communication 
purposes. Overall, it was revealed that the majority of multinational construction companies 
were incorporating technology in their construction management projects, while only 28% of 
the companies were not. 
Similarly, other findings pertaining to the advancement of technology in the African context 
reveal the incorporation of systems that mostly administer word processing and accounting, 
budget forecasts, estimations, and cost monitoring including project management software. 
Communication between project participants has also been made easier though the wide usage 
of email communication and video conferencing. Furthermore, project designs are becoming 
more electronic as well as the monitoring of quality and project impact on the environment 
(Ikediashi and Ogwueleka, 2016:255). 
In Rwanda, on the other hand, different sectors such as construction and agriculture are 
beneficiaries of community processing centres that provide local producers with technical, 
commercial and financial support:  this is all on the basis of industry policy structures. A 16% 
growth rate was experienced in the year 2015 by the ICT sector which effected a concomitant 
3% contribution to the country’s GDP. It is a major plan in Rwanda to narrow down the digital 
divide. This intention was discussed in the five-year ICT plan that aims to create a smart 
Rwanda with the engagement of the private sector as well as efforts of enhancing e-government 
and the evolvement of the youth in the digital society. Furthermore, investments in fibre-optic 
networks have been realised to reach the entire population where it was noted that by the end 
of 2016, 33% of the people living in Rwanda were able to connect to the Internet and close to 
80% owned mobile phones (Aubert, 2018:552). 
South Africa, Kenya, Nigeria, Egypt, and Morocco are noted as digitalisation leaders within 
the African continent where 50% of the continent’s technology centres are situated. 
Technological developments in Africa have included cloud computing, communication tools 
(for example, Gmail, Dropbox, WhatsApp, Skype), electronic record systems, pharmacy 
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dispensing units, mobile banking, and laptops and tablets for schoolchildren, amongst others 
(Schelenz and Schopp, 2018:1412). 
The adoption of digital technology has been experienced as an indispensable tool in 
transforming and further advancing developing countries in Africa. Ikediashi and Ogwueleka 
(2016:255) highlight that opportunities never anticipated before have been realised in the 
Nigerian construction industry through the use of ICT. This form of innovation has facilitated 
improved collaboration, organisation and the transfer of and access to information. 
4.1.3  Issues related to the implementation of technology in Africa 
 
Negative returns on investment 
In spite of the benefits referred to above, there have been some negative attributes associated 
with technology use on the continent. Ikediashi and Ogwueleka (2016:255) investigated the 
use of ICT systems, including their impact on construction project performance in the Nigerian 
construction industry. What was noted was a negative effect with the use of 3D CAD in terms 
of cost growth. This was also noted by O’Connor and Yang (2004) cited in the same study who 
opined that not all projects experience success related to time and cost savings with the use of 
ICT. It is said that the use of new tools might have an influence on time in terms of better and 
quicker performance but reveals low impact with regard to the saving of costs.  
Work overload 
One of the benefits of using digital tools is that they are able to produce vast amounts of 
information. However, this is mostly at a rate at which the human mind cannot process. Ariyici 
et al. (2011: 190) noted negative experiences with the use of 2D CAD such as disorganisation, 
an increase in the requirement to reach targets, duplications, lead times, lack of continuity in 
the supply chain, over-processing, amendments, overproduction, distractive parallel tasks, and 
lack of effective design management and communication. 
Cyber security 
Findings in the study conducted by Ikediashi and Ogwueleka (2016:271) revealed concerns 
related to cyber security with the use of mobile phones and the Internet based on the experience 
of a number of construction sites in Nigeria being declared unsafe. 
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Insufficient use of technological tools 
A study of Tanzanian ICT uses in SMMEs noted the prolific use of mobile phones in the region 
for daily communication which has seen some improvement in production and sales. However, 
only a number of business owners use computers and the Internet. The worldwide web is hardly 
used for information access; information is accessed thought local sources which mainly 
prohibit connection to outside world activities. As a result, the technology is not utilised to its 
optimum in acquiring information relating to capital investment and the means to generally 
transform the industry. An actual perception is that “…new ICTs are doing little to help 
transform the structural and material conditions that limit Tanzania’s prospects for industrial 
upgrading and improved ties to global markets” (Murphy, 2012:1754). 
Lack of infrastructure 
Much beyond the lack of adequate training including the required expertise for technology 
implementation lies a fact that cannot be ignored, which is the lack of infrastructure in African 
countries, specifically, electricity and the Internet which marginally inhibits the use of 
technology to experience the potential benefits (Murphy, 2012:1755).  
Loss of employment  
With reference to the effects of automation on employment, the World Economic Forum report 
estimates the following statistics pertaining to jobs which are prone to automation: 41% jobs 
in South Africa, 44% in Ethiopia, 46% in Nigeria, 48% in Mauritius, 52% in Kenya and 53% 
in Angola (Famuboda, 2018:3). However, the report compiled by Millington (2017:4) revealed 
that throughout the African continent, Ethiopia was noted to be the country with the highest 
susceptibility (85%) to loss of employment through the advancement of technology.  Next on 
the list was South Africa, followed by Nigeria, the data estimated an average of over half of 
the jobs in Africa. The verdict was that the replacement of jobs through automation will affect 
countries which are associated with low-income levels. 
Lack of technological transfer  
Ownership of construction firms in Ghana has evolved since its independence from British 
colonialism in the year 1957 when many construction firms were owned and run by foreign 
nationals (Laryea and Mensah, 2010:5). Since then, Ghanaian nationals have established their 
own firms and operate smaller construction companies. However, the issue remains 
technological transfer. There is not much of that experience that is taken from larger 
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construction firms and used in the smaller companies to achieve local contracting capacity. 
This would initially work by means of sub-contracting, whereby large foreign national 
contractors sub-contract work to local business for them to gain this experience (Laryea and 
Mensah, 2010:8). 
4.1.4  Proposed solutions 
 
Adequate implementation plans 
Focusing on information and communication technology in the age of globalisation, Edoho 
(2013:10) suggests that most technology developments are international ideas that are adopted 
and expected to fit into the completely different cultural environment of Africa.  What is not 
taken into account and what should be acknowledged by investors is that a “one-size-fits-all” 
approach will not necessarily work. Deeper foundational transformations need to be made 
before ICT and technology are introduced (Edoho, 2013:11).  Datta (2000:9) also reiterates the 
idea that existing processes and company culture need to be transformed before technological 
tools can be implemented. These tools on their own are not sufficient to transform the industry 
for the purpose of improving efficiency and quality. 
Public sector intervention 
Schelenz and Schopp (2018:1412) present a critical perspective when noting that although 
there is immense potential with regards to what information and communication technology 
can do for the African nation, what needs to be considered is that “…. [f]rom the ethical point 
of view, questions of power relations, neo-colonialism, and (gender) equality have to be 
addressed and considered in the broad discussions” before any practical benefits can be 
realised. They also note that Government intervention is critical for all digitalisation plans.  
Education and training 
Countries such as Ethiopia have noted issues related to the wide adoption of technological 
advances and have as a result implemented potential solutions that can be exemplary. The 
Government in Ethiopia motivates the majority of learners to take up studies in technology and 
natural sciences by means of a technologycentric education policy. Over 30 IT departments are 
operational in nearly all privately owned and government higher educational institutions which 
produce thousands of graduates annually (Desta, 2018:655). 
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4.2  DIGITALISATION IN THE SOUTH AFRICAN CONSTRUCTION 
INDUSTRY 
 
4.2.1  The construction industry in South Africa 
 
In the same way as other countries around the globe, the South African construction industry 
contributes largely to the economy in terms of the GDP. It is one of the biggest sources of 
employment and has a domino effect on other sectors of the economy such as education, 
tourism, mining, agriculture, health, energy, water and land. The performance of the industry 
has a knock-on effect on a variety of industries; therefore, its development needs to be closely 
monitored (CIDB, 2018: 3; Human, 2013:9). The South African construction industry is 
characterised by budget overruns, late completion penalties and extensive documents of snag 
lists. All these shortfalls beg the need for transformation with regard to building processes in 
order to achieve an improved construction industry (Murray, nd: 3). 
According to the South African Construction Industry Survey (2016:3), the construction 
industry in South Africa is plagued with corruption challenges related to tenders. This pertains 
to projects being awarded without adequate adherence to recommendations set by the 
government’s tender committee. Moreover, small and medium-sized contractors struggle to 
manage cash-flows owing to late or non-payments, which has resulted in a number of them 
shutting down. There is a need for transformation in the building environment. 
The development of the construction industry in South Africa has been hindered by the 
continued use of conventional working methods (Aghimen et al., 2018: 1). According to the 
International Telecommunications Union cited in Hlahla (2013:9), out of 41 African countries, 
South Africa is ranked 3rd with regard to the level of usage of ICT and is ranked 92nd on a 
worldwide analysis based on 159 countries.   
4.2.2  Digitalisation in the South African construction industry  
 
A number of studies have been conducted in South African in an attempt to enhance the uptake 
of technology within the construction industry. For example, Osunsanmi et al. (2018) 
conducted a study related to the future of the South African construction industry through 
Industry 4.0. Industry 4.0 pertains to the use of digital technology to optimise processes and is 
a concept originally adopted from the manufacturing sector in Germany. What the study found 
was that there is a lack of awareness by construction professionals of recent technologies and 
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the benefits that can be enjoyed from the use of them. Moreover, the professionals are more 
aware of innovations such as prefabrication and modularisation. The study attributed this lack 
of innovativeness to insufficient research regarding the various modern technologies available. 
Mulder (2013:106) investigated the state of innovation in the South African building sector and 
found that there is a level of innovation in the industry; however, not on par with that of 
international competitors. The deficit can be blamed on the lack of experience of stakeholders, 
low levels of skills and sub-standard training. What was further highlighted was the level of 
innovation within the different sectors of the construction industry. It was determined that 
contractors and engineers were more innovative as compared to clients and suppliers. However, 
the public sector was viewed to be the least innovative. 
The construction sector in South Africa understands the need to develop through the use of 
technology within existing processes. Other developed countries should be exemplar to the 
local market, as improvements in production, quality, communication, information storage and 
access, including financial monitoring and delivery times have been witnessed through the 
implementation of technology. It is further noted that construction companies in developed 
countries are missing out on these benefits as they struggle to fathom the efficacy of 
implementing digital tools to develop the sector which is in much need of this improvement 
(Geldenhuys, 2012:2). It is therefore a concern that the government in South Africa has 
extended minimum effort in allocating funds to support the research and development of this 
sector (Koen and Rust, 2011:1) 
The uptake of technology in the South African construction sector is in its infancy state, 
according to Hlahla (2013:147).  It is generally revealed that the adoption of technology 
extends as far as mobile phones and emails as opposed to cutting-edge technological tools.  
 Situations involving the introduction of new technology that requires new methods and 
procedures may present a skills shortage effect. This does not necessarily mean that the industry 
generally lacks people with the required expertise to administer construction activities. It only 
highlights a deficit in expertise to run construction business in a manner that uses technology. 
Geldenhuys (2012:28) makes an interesting observation on the methods for successful 
technology adoption. He notes a study regarding technology implementation barriers by 
architectural, engineering and construction professionals and posits that while some companies 
may try to adopt technology, they will not succeed in acquiring the full benefits thereof. This 
is based on a lack in a group adoption effort. It is further stated that “Successful communication 
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technologies adoption requires a ‘critical mass’ of adopters. Reported research findings 
addressed group-level users’ learning and sharing barriers, such as geographical distance and 
personal contact” Geldenhuys (2012:28). New entrants to the digital market will require 
support from people with more experience.  There is a gap in the South African construction 
industry, which is a major hindrance to the wide adoption of ICT within the building sector. 
A study conducted in South Africa to assess digitalisation in the construction industry through 
a professional perspective revealed that the use of digital technology will bear much fruit with 
regard to the shortening of project programmes, optimised productivity and efficient working 
methods (Aghimien et al., 2018:5) 
On studying the willingness to adopt robotics and construction automation in the South African 
construction industry Akinradewo et al. (2018:6) concluded that if issues such as the cost of 
acquiring the technology and societal issues pertaining to job security can be overcome, 
construction professionals are ready to embrace the adoption of automation and robotics in the 
country’s building industry. This is also based on the effect technology uptake will have on 
current working conditions, workers’ health and safety, construction programmes and overall 
project performance. Moreover, they opined that assistance from the public sector through 
subsidies and low interest rates will make the access of loans simpler for the purchase of tools 
required for a technological change in the construction industry. 
Although a number of benefits may be enjoyed from the introduction of digitalisation such as 
improved communication as well as the presentation of new business opportunities, a number 
of companies have experienced negative effects subsequent to this implementation. This is 
attributed to the lack of experience with working with the tools involved and how the tools 
should be employment to best suit the specific construction organisation (Peansupap and 
Walker, 2005:193).  Similarly, Oke et al. (2018:6) on investigating the challenges of digital 
collaboration in the South African construction sector, found that there is insufficient training 
pertaining to the use of digital tools. Moreover, companies seldom provide the required support 
to employees in order to equip them with the required skills for digitalisation. This is 
categorised as an expensive task and many companies are not in the position to allocate funds 
for training.  
Furthermore, a study on the effect of automation on industry performance within the 
construction industry revealed negative effects such as worker displacement, creating 
emotional stress of workers, higher level of maintenance, high capital expenditure,  
80 
 
geographical displacement of workers, lower degree of flexibility, employee dissatisfaction, 
decrease in productivity and workers becoming slaves to automated machines (Oke et al., 
2017:6). 
For technological plans to be successful, there is need to follow thorough research and a level 
of risk versus benefit analysis. According to Le Roux (2018:12), investors need to evaluate 
positive outcomes that can be obtained from the investment in technology against the use of 
manual labour. If an aggregate productivity loss from the adoption of technology is detected, 
then a potential risk is highlighted in this finding. Moreover, the government in South Africa 
can also tamper with automation plans by further enforcing manual labour laws and providing 
incentives for the promotion of manual labour as opposed to the use of machines for tasks. 
Moreover, the Green Paper on Public Procurement reform in South Africa published in 1997 
makes recommendations of how procurement should be a source of job creation in the country. 
One particular recommendation is that means of procurement should endorse technologies that 
are labour friendly and that do not completely obliterate human capital (CIDB, 2015:3). This 
generally puts restrictions on technology use and is a barrier to complete automation 
implementation. 
4.2.3  Issues related to the implementation of technology in South Africa 
 
Skill shortages  
Although there is a high number of unemployed youths in South Africa, the country is still 
plagued by a skills shortage issue. Furthermore, Windapo (2016:3) posits that what can be 
deduced from the literature of the factors influencing skills shortages are the negative image 
surrounding the construction industry, the public sector influence, retiring skilled personnel, 
the cyclical nature of the construction industry as well as the progressions in technology. This 
is matched with the fact that university entrants or the youth in general would prefer to work 
in an office rather that do manual labour on site. 
Kekana et al. (2014:1) found that lack of knowledge, skills and education were among the 
factors contributing to the delayed implementation of digital tools in the South African 
construction industry. What the study also found is that education and skills development were 
the most recommended factors towards the increased use of BIM. 
A PwC report on the construction industry reveals that “Lack of internal digital culture and 
training (58%), and insufficient talent (40%), top the list of the challenges identified by South 
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African respondents. Many industrial companies will need to develop digital skills sets around 
creative digital strategy design, technology, architecture and design, and user experience 
design,” It is important to have the right digital culture within a company for the best talent to 
stay (PwC, 2017). 
Lack of infrastructure 
For many developing countries, and South Africa is no exception, the digitalisation of sectors 
will be halted by the lack of infrastructure as well as continued power failures. Dhaou and 
Manda (2019:247) reinforce this in stating that “In South Africa, poor broadband penetration 
was found to be one of the barriers hindering transformation to the so-called smart society 
driven by digital connectivity, advanced technology, skills, knowledge, and innovation to 
institute economic and social development. 
Negative perception of the industry 
The industry is perceived negatively on a social basis. It is regarded as an industry of an inferior 
standard based on its physical demands, long hours and sites of a remote nature. Human 
(2013:2) corroborated the negative perception around the construction industry and attributed 
it to the level of corruption, the political intrusion in government tenders, and collusion.  This 
all has an influence on the lack of new entrants in the sector.  
Socio-economic factors  
Dhaou and Manda (2019:245) note that the problems related to the design and uptake of 
technology should not be taken for granted. Previous research into why technological advances 
have failed has led to the implementation of a socio-technical perspective in information 
systems research as the importance of assessing behavioural and social elements have 
previously been taken for granted.  Moreover, South Africa is generally perceived as a country 
ill-prepared for a technological transformation (Dhaou and Manda, 2019:246). 
4.2.4  Proposed solutions  
 
It is vital to note that the adaptation of international ideas to fit local issues will not necessarily 
succeed as intended. This is also noted by Mulder (2013:44) who notes that engineers tend to 
import innovative ideas which tend to fail locally, proving a lack of adequate research. 
The Department of Science and Technology (2007:14) indicated that there is always the risk 
of overestimating the benefits that can be acquired from innovation. Previous advancements 
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before the Y2K bug brought about some excitement. However, after 2005 results indicate the 
public sector has a new perspective and has to adjust the manner in which policies are drafted. 
What is further indicated is that South Africa has only contributed 10.5% of its research budget 
to ICT, which is low compared to what leading OECD countries dedicate to these efforts, which 
is about 30%.  
For technology uptake to be successful, a collaborative effort is required. This is further 
emphasised in the Department of Science and Technology report (2007:15): “Technology 
chains are becoming increasingly complex. This makes it difficult for any single institution to 
establish a position of leadership in the domain. A national approach provides the critical mass 
to achieve such leadership”. Moreover, policies and other methods that tackle existing 
challenges and opportunities that are attracted by innovation should be put in place (Dhaou and 
Manda, 2019:247). 
Furthermore, in an article on how mobile technology could help South African construction 
companies, Kibby (2018), vice-president of Enterprise Africa and Middle East at Sage, 
suggests that after a constant industry slump, the South African construction industry should 
waste no time in taking advantage of mobile technology to improve on efficiency and to 
enhance productivity. Kibby (2018) continues to state that the use of technology is reduced to 
taking pictures, text messages and electronic mail. The industry consistently lags in realising 
the full potential of the benefits that come with a digitalised sector. 
 
Lessons learnt 
One of the biggest concerns with the African region and digital technology adoption is the level 
of infrastructure to support this process. Implementation plans remain dormant because of 
inadequate electricity and poor Internet connections. Foreign countries have made efforts to 
advance the continent by donating used computers. However, the resultant outcome proves 
unsuccessful mainly because of the lack of technical skills and the region having to use 
computers that do not work. Moreover, there is nowhere to dispose of them in an 
environmentally healthy manner. Furthermore, and infrastructure development aside, people 
in most African countries are not educated enough or lack the training and skills that are 
required to use these tools optimally, resulting in additional costs to bring in people from 
foreign countries to administer training, which is expensive. 
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  For the African continent particularly, digitalisation implementation methods will not be 
successful if regarded as a copy-and-paste process from other developed or developing regions 
that have successfully adopted digital methods in construction. Many deep-rooted issues that 
pose risks to digitalisation plans still require transformative attention.  Considering the year in 
which this study was undertaken, other priority concerns including poverty, illiteracy, digital 
divide and inadequate resources, still remain as issues that are critical and require attention. 
These issues need to be addressed; if not, all digitalisation plans will be risky and difficult to 
launch. 
It can be generally said that digitalisation uptake efforts have been made in South Africa; 
however, there seems to be a general lack of technology readiness due to societal issues and 
the lack of skills inherent in the country. 
 
4.3 CONCLUSION 
 
This chapter presented a review of literature concerning the African construction industry. The 
chapter gave an overview on the adoption of digital technology, the benefits experienced as 
well as negative experiences after implementation. Moreover, possible solution to problems 
encountered were proposed.  
The following chapter will discuss the method that was used to conduct the research. Also, 
information providing a concise outline of where the research area was confined, the research 
approach and design, as well as the data collection and analysis procedures that were applied 
by the researcher to communicate the research findings will be outlined. 
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CHAPTER FIVE 
 
RESEARCH METHODOLOGY 
 
5.1 INTRODUCTION 
 
This section of the study outlines the research methodology used in conducting this study with 
regard to the approach implemented to achieve all the objectives set out in the first chapter. 
This is for the purpose of deducing a conclusion and recommending areas for future research. 
The geographical area, how information was collected and analysed, the research scope and 
sample size will be explained. The purpose of this research is to assess critical risk factors 
related to the employment of digital processes in the South African construction industry.  
5.2 RATIONALE OF THE STUDY 
 
This study adds to the body of knowledge on the subject of digitalisation in the South African 
construction industry, more particularly in relation to the risks involved. Identifying risks is an 
important step in decision making as a proactive tool. The information presented in the study 
will assist construction professionals, the public sector and business owners alike who intend 
investing in digital tools to improve business processes. 
5.3 RESEARCH APPROACH AND DESIGN  
 
The awareness, usage, benefits, risks and risk mitigation strategies of digitalisation in the South 
African construction industry were evaluated through a quantitative research approach. Based 
on William’s (2007:2) findings, in quantitative research, data is collected on an objective basis 
and the data is used to numerically measure reality without any subjectivity as the research 
itself is independent of the researcher.  Furthermore, Amaratunga et al. (2002:22) noted 
qualitative research as a method that involves intense contact with the subject being 
investigated and is associated with large volumes of data that is complex to analyse. 
Quantitative research allows a comparative analysis, statistical analyses, and repetition of data 
collection for the purpose of verifying reliability as well as flexibility with how the data 
gathered will be used. 
Amaratunga et al. (2002:23) and Williams (2007:2) regard a quantitative research method as a 
research strategic choice in that there is independence of the observer from the subject being 
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observed: the subject is measured objectively; reliability can be validated through quantitative 
techniques; it is strong in measuring descriptive aspects of the built environment, and reduces 
data to its simplest element for conducting analyses. It is for this reason that a quantitative 
approach was used to collect empirical data for this study. The aim is to add to existing theory 
by means of developing generalizations from the use of a sample. Data was collected through 
a well-structured questionnaire distributed online by the researcher. 
5.4 RESEARCH AREA 
 
The Gauteng Province was used as the geographical study area for this research seeing that the 
region faces many urban development challenges based on the immigration of people in search 
of better opportunities (iLead, 2018).  Based on this urban development issue, Gauteng is the 
main target for infrastructure development projects: the CIDB reported on government 
spending per province and revealed Gauteng to be the highest at 35% as seen in figure 5.1 
below. Therefore, a large number of construction professionals are available and accessible in 
the Gauteng Province to participate and give their opinion regarding the risks associated with 
digitalisation in the South African construction industry. 
 
 
MAP 5. 1: Map of Gauteng, South Africa 
 Source: SA Venues (2019) 
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5.5 TARGETED POPULATION 
 
The target population of a study refers to all the people who meet the criteria that are specific 
to the research investigation (Mohsin, 2016:10). According to Gorsuch (1983), it is 
recommended that a sample size be at least 100. In support, Little (2013) stated that 
traditionally, the general rule has been 4:1 or 5:1 ratio of participants to variables. However, 
the size of the sample, strength of item loading and number of items per factor are all crucial 
to how solid the model estimation is. 
Moreover, MacCallum et al.  (1999) opined that even though a subject area may constitute 
fewer than 20 variables, the sample size should nonetheless not be fewer than 100. Similarly, 
Hatcher (1994) made an endorsement that the adequate sample size should be five (5) times 
the number of variables or 100. 
The highest variable for this study was 23, using the 4:1 ratio above, the minimum number of 
questionnaires to be collected is 92. Therefore, based on the above recommendations, the 
population for this study consisted of 100 built environment professionals in the Gauteng 
Province, South Africa.   A close-ended questionnaire was distributed to construction project 
managers, constructions managers, quantity surveyors, engineers and architects as the 
randomly selected targets of interest who were sourced through professional social networks, 
WhatsApp, emails and one in paper format. 
5.6 SAMPLING 
 
 Martínez-Mesa (2016:326) defines a sample as “…a finite part or subset of participants drawn 
from the target population”. Similarly, Mohsin (2016:10) notes that a sample is a small number 
of people selected to represent a population of a particular subject of interest.  It is important 
to plan the sample size required for a study. A small sample usually fails to provide information 
accurately about the desired difference or how frequent an event of interest takes place. In the 
same way a large sample size may prove unfeasible and complex based on data analysis and 
associated cost, therefore both extremes should be avoided (Martínez-Mesa, 2016). 
Sampling types can generally be divided into two types, namely probability sampling and non-
probability sampling. Probability sampling i.e. random sampling can be divided into various 
sampling types such as simple random, stratified random, cluster sampling, systematic 
sampling and multistage sampling. On the other hand, non-probability sampling i.e. non-
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random sampling is further broken down into sub-types, namely quota sampling, snowball 
sampling, judgment sampling and convenience sampling. 
In non-probability sampling some individuals have no opportunity of being selected since this 
technique does not begin with a comprehensive sampling frame. A sampling error is therefore 
difficult to estimate, implying that there is a risk in acquiring non-representative results which 
will be virtually meaningless (Taherdoost, 2016:4). This technique is mostly for case studies 
and qualitative research (Taherdoost, 2016:6). This study used a random sampling technique 
since it allowed all respondents a fair chance to participate in the study. They were all selected 
using the same criterion, namely they had to be construction professionals or clients in the 
South African construction sector, particularly in the Gauteng Province 
5.7 INSTRUMENT OF DATA COLLECTION 
 
A questionnaire is a research tool that is organized in a systematic way in order to collected 
information from survey participants. It can also be described as an interview that is done in a 
written format. The questions within a questionnaire are able to collect data that is not 
quantifiable i.e. nominal data which is either of a dichotomous (e.g. True/ false or Agree or 
disagree) or polytomous nature, where different categories of alternatives are available from 
which to choose. Furthermore, this written format of an interview can consist of closed ended 
or open-ended questions (Mc Leod, 2018).  
The researcher can pre-set questions and possible responses that leave no room for the 
respondents to deviate or express their opinion (closed ended). They can, on the other hand, 
leave room for participants to provide more details about their thoughts or opinions. This data 
can be complex to decipher and analyse, whereas closed-ended questions provide data that can 
be ranked and are less time consuming to analyse (Mc Leod, 2018). 
Based on Sivo et al. (2006:352) findings, a questionnaire will in most cases be used as an 
instrument of data collection because of its low-cost qualities, ease of administration and the 
ability to collect large amounts of data from it. Moreover, with electronic mail and a web-based 
survey, a large number of people can be reached with a touch of a button. Sivo et al. (2006:352) 
indicated that respondents feel more comfortable with answering questionnaire surveys as 
opposed to telephonic or face-to-face interviews. By the use of a questionnaire it was possible 
to collect data from construction professionals regarding the usage and awareness of 
technology tools in South Africa, the benefits associated with digitalisation, what risks stem 
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from the use of technology in construction and the possible risk mitigation strategies that are 
able to be adopted. 
The questionnaire was organized in five sections, namely A, B, C, D and E.  The first section 
(A) comprised questions that were aimed at gathering data of a demographic nature to help in 
result interpretation such as gender, age, and level of education.  Section B aimed at assessing 
the level of digitalisation uptake. This was split into two sections; one that deduced level of 
awareness and the other level of usage of digital tools. The purpose of Section C was to explore, 
in the respondents’ opinions, the benefits associated with digitalisation in the South African 
construction industry. Section E, the core of the research study, aimed as assessing what the 
professionals deemed as risk factors that follow the implementation and use of digital tools 
within the South African construction industry. Lastly, Section E of the questionnaire aimed at 
eliciting opinions pertaining to what respondents’ thought were ways in which digitalisation 
critical risk factors can be mitigated. Based on the questionnaire being distributed 
electronically, the questionnaire also contained information about the researcher and contact 
details, the educational institution, the purpose of the study, as well as instructions on how to 
complete the questionnaire. 
Once the questionnaire had been approved for data collection by the supervisor of the research 
study, a list of the required participants was prepared. The questionnaires were distributed using 
Google Forms web link through emails.  Only one questionnaire was hand-delivered. The 
period of data collection was two months. Each questionnaire was estimated to take 15 minutes 
to complete. 327 questionnaires were distributed and a total of 100 completed questionnaires 
were received and all were usable, representing 31%. Kalton and Moser (1971) were of the 
opinion that this number was sufficient for analysis, as they deemed values as low as 30 to 40% 
to be adequate. 
Furthermore, prior to analysis taking place, the collected data was checked. The Statistical 
Package for Social Sciences (SPSS) software was used to conduct a frequency analysis of the 
raw data. 
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5.8 METHOD OF DATA ANALYSIS 
 
5.8.1 Mean item score (MIS) 
A five-point Likert scale was used in order to elicit opinions, perceptions and behaviours of the 
research participant regarding the critical risk factors associated with digitalisation in the South 
African construction industry. The Likert is a good tool for soliciting in-depth information 
about how people think or perceive a particular topic. The scale was converted to a mean item 
score (MIS) for each of the awareness levels, usage, benefits, critical risk factors and possible 
mitigation strategies for the risk associated with digitalisation in the South African built 
environment. This data was then used to determine the rank of each item. The ranking assists 
in identifying the level of importance of the items as perceived by the research participants. 
This technique was used to examine the data gathered from the respondents through the 
questionnaire.  
The computation of the relative MIS was calculated from the summation of all weighted 
responses and subsequently linked   to the total responses on a specific aspect. This was based 
on a rule that respondents’ scores on all the selected criteria, considered together, are 
empirically determined indices of relative importance. The MIS index of a particular factor is 
the total of all maximum possible scores on the five-point scale provided by all the respondents 
as a proportion of the sum of all maximum possible scores on the five-point scale that all the 
respondents could possibly give to that criterion. Weighting was allocated to each of the 
responses on a scale of one to five (1-5) for responses of ‘Not at all aware’ to ‘Extremely 
aware’; ‘Never’ to ‘Every time’ and ‘No extent’ to ‘Very large extent’. The MIS index was 
calculated for each item as follows: 
 
 
MIS = 1n1+ 2n2 + 3n3 +4n4+5n 5 …………………………………… Equation 1.0 
                             ƩN  
Where:  
n1= Number of respondents for ‘extremely unlikely’ or ‘strongly disagree’; 
n2 = Number of respondents for ‘unlikely’ or ‘disagree’; 
n3 = Number of respondents for ‘neutral’; 
n4 = Number of respondents for ‘likely’ or ‘agree’; 
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n5 = Number of respondents for ‘extremely likely’ or ‘strongly agree’; 
N = Total number of respondents 
The criteria were then after ranked in descending order of their mean item score after the 
mathematical computations using the formula above. 
5.8.2 Factor analysis 
 
This study used factor analysis (FA) as a method of reducing and summarising data by using 
smaller sets of factors. Factor analysis looks at correlations between a certain set of variables 
(Pallant: 2007:179) and provides underlying information from the data that cannot be analysed 
by simple eye observation. Pearse and Yona (2013:79) similarly explain that factor analysis 
recapitulates information in such a way that analysing data and interpreting patterns is much 
simpler. The data is clustered based on shared variance to isolate theories and ideas.  
Prior to FA, the data needs to be checked for factorability, this is done using several sets of 
tests namely the correlation matrix, where the data needs to display  ‘R’ values equal to or 
greater than 0.300, Secondly is the ‘P’ value from the Bartlett’s test of sphericity, these values 
are recommended to be statistically significant at less than 0.050. Another method is the Kaiser-
Meyer-Olkin (KMO) test, values from this test range from 0 to 1, where the minimum value is 
0.600 to indicate sampling adequacy and suitability for FA (Pallant: 2007:185) 
 
5.8.3  Kruskal-Wallis H-test 
 
The Kruskal-Wallis test is a non-parametric test, implying that it makes no assumptions about 
how the data will be distributed. There is no pre-set inference that the variance on the scores 
of each group are equal (Chan and Walmsley, 1997). 
Hypothesis: 
Null hypothesis: Null hypothesis assumes that the samples are from identical populations 
Alternative hypothesis: Alternative hypothesis assumes that the samples are from different 
populations 
The Kruskal-Wallis test is essentially a chi-square distribution; in most analyses an alpha of 
0.05 is used as the cut-off for significance. If the p-value is less than 0.05, the null hypothesis 
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is rejected, meaning that a significant difference exists. If the p-value is greater than 0.05, the 
null hypothesis is not rejected, which leans to the fact that there is no significant difference.  
5.8.4 Validity and reliability test 
 
To confirm the reliability and validity of awareness, usage, benefits, risks and risk mitigation 
strategies for digitalisation in the South African construction industry, exploratory factor 
analysis (EFA) was used. Version 25.0 of the SPSS software was used. 
Moreover, the Cronbach’s alpha test was used to test whether the scales used were reliable and 
had internal consistency. Ideally, the resultant Cronbach’s alpha coefficient should be greater 
than 0.800; however, values ranging from 0.700 are accepted. Where the value is less than 
0.700, which usually happens in small scales, only the mean inter-item correlation for that item 
is reported (Pallant, 2007:95). As an extraction method, the study adopted the principal axis 
factoring method. Furthermore, in the first order the data was rotated using varimax rotation 
and direct Oblimin rotation for the second order. The results of the internal consistency for 
each category of questions are shown in table 5.2 below: 
 
Table 5. 1: Values of Cronbach’s alpha 
Section Category Cronbach’s 
alpha 
Section B7 Level of awareness of digital tools  0.928 
Section B8 Level of usage of digital tools 0.874 
Section C Benefits associated with digitalisation 0.952 
Section D Risks associated with digitalisation 0.924 
Section E Mitigation strategies for risks associates with digitalisation 0.931 
 
The Cronbach’s alpha of all variables as depicted above were above 0.870, which was an 
indication that the study was consistent and measured the same variables. 
5.9 LIMITATIONS OF THE STUDY 
 
The limitations of this study included time constraints and a slow response rate from the 
participants, which consequently led to a limited sample size. In addition, considering the 
current economic circumstance in which the construction industry in South African finds itself 
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the study took place during an industry crunch, when there is an increase in retrenchments and 
unemployment and a rise in major construction companies going bankrupt. Construction 
professionals were generally in a negative mental state or lacked the time to participate in the 
study. 
5.10 ETHICAL CONSIDERATION 
 
No ethical issues were encountered during the course of this research study. All the authors 
who contributed to the broader knowledge of this study were appropriately acknowledged and 
cited as literature was reviewed. The survey respondents were informed of what the study is 
for by the use of a cover letter from the University of Johannesburg, Department of 
Construction Management and Quantity Surveying, Doornfontein Campus. They were ensured 
that their responses would be kept anonymous. The cover letter contained information above 
the institution, the length of time it would take to complete the questionnaire, as well as the 
researcher’s contact details.  The survey was conducted online; therefore, the respondents were 
at liberty to complete the survey in their own time and without any coercion from the 
researcher. 
5.11 CONCLUSION 
 
The different techniques and procedures used to conduct this research were discussed in this 
chapter. This included the population, sample, the instrument used to collect data, how the 
data collected was analysed and lastly, the methods used to ensure that the study was 
conducted in an ethical manner.  
The analysis and interpretation of the data collected will be presented in the next chapter. 
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CHAPTER SIX 
DATA ANALYSIS AND INTEPRETATION OF THE SURVEY RESULTS 
 
6.0 INTRODUCTION 
 
In this chapter a representation of the data collected through a close-ended questionnaire is 
given. Construction project managers, constructions managers, quantity surveyors, engineers 
and architects were amongst the randomly selected targets who participated in the survey. 
Three hundred and twenty-seven questionnaires were distributed and the analysis of the data 
and interpretation of the results were obtained from one hundred usable responses, which 
reflects a 31% response rate. 
All five sections of the questionnaire were answered. The purpose of Section A was to record 
the background or biographical information of the participants, while Section B was designed 
to solicit information regarding the level of digitalisation uptake within the South African 
construction industry on the judgement of awareness and usage. In addition, Section C aimed 
to measure the extent of benefit related to the use of digital tools; in Section D the risk factors 
that are associated with digitalisation in the construction industry are assessed.  Lastly, Section 
D was intended to evaluate the possible risk mitigation strategies of dealing with the perceived 
risks that are linked to digitalising the construction industry in South Africa. 
6.1 DATA ANALYSIS 
 
BACKGROUND INFORMATION OF PARTICIPANTS 
Of the 100 responses received, the gender composition reflected 77 males and 23 females as 
shown in figure 6.1. This result further confirms the notion that the construction industry is 
mostly male dominated. 
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Figure 6. 1: Participants’ gender 
Figure 6.2 reflects the age group of the participants. The results show that 18% of the 
participants were in the 18 – 25 years old age group, 63% of the participants were in the age 
group 26 – 35 years old, 11% were in the age group 36 – 45 years old, 3% were in the age 
group 46 – 55 years old, and 5% were older than 55 years. 
 
Figure 6. 2: Participants’ age group 
 
Figure 6.3 illustrates the various professions within the sample. In this group, 46% of the 
participants were quantity surveyors, 16% were construction projects managers, 18% were 
construction managers, 10% were architects, and 10% were engineers. 
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Figure 6. 3: Participants’ professions 
In figure 6.4 the highest educational qualifications of the participants are represented. The data 
reveals that of the 100 participants, 44% had a baccalaureate degree, 29% had a postgraduate 
degree e.g. honours, masters or a doctorate, and 27% were in possession of a diploma. 
 
Figure 6. 4: Participants’ educational qualifications 
Figure 6.5 demonstrated the various organisational categories that the participants worked for. 
In this sample, 48% worked for a main contractor, 25% worked in consulting firms, 14% 
worked for sub-contractors, and 13% indicated that they were employed by developers or 
investors which are categorised as the client. 
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Figure 6. 5: Participants’ work organisations 
 
In figure 6.6 below, the years of experience in the construction industry of the participants is 
shown. The results revealed that 47% had between 0 – 5 years’ experience, 28% had worked 
for the industry for more than six years but less than 10 years, 11% had experience ranging 
between 11 – 15 years, 7% had between 16 – 20 years’ experience and 6% have worked for 
the construction industry for longer than 20 years.  
 
Figure 6. 6: Participants’ years of experience 
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6.2    LEVEL OF DIGITALISATION UPTAKE IN THE SOUTH AFRICAN 
CONSTRUCTION INDUSTRY 
 
In this section the results relating to the level of digitalisation uptake in the South African 
construction industry are represented. The participants were asked to indicate their level of 
awareness of digital tools being used in the construction industry by use of a five-point Likert 
scale of ‘Not at all aware’ to ‘Extremely aware’. The mean score (x̄) ranked from highest to 
lowest and the P-Value from the Kruskal-Wallis H-Test results are presented.  Unlike a 
parametric test, the Kruskal-Wallis is non-parametric in nature, meaning that it is ordinal and 
makes no presumptions about the distribution of data. It is used to determine the significant 
difference in the view of three or more groups of respondents. In this study, Kruskal-Wallis H-
Test was used to ascertain the significance difference in the views of the different construction 
professionals with regard to the level of uptake of the identified digital technologies. Kruskal-
Wallis H-test gives a chi-sq. value and a significant p-value. Using the conventional 95% 
confidence level, when the derived p-value is less than 0.05, there is a significant difference in 
the view of the different professionals regarding their awareness of the identified digitalisation 
tools. However, when the derived p-value is greater than 0.05, then there is no significant 
difference in the view of the different professionals. 
6.2.1  Awareness of digital tools 
 
With the aim of determining the awareness of digitalisation tools in the South African 
construction industry, a list of available digital tools was presented to the respondents. They 
were then requested to rate their level of awareness using a five-point Likert scale, the two 
extremes of which were ‘not at all aware’ to ‘extremely aware’. Table 6.1 depicts the results 
ranked using their mean score and associated P-value as a result of the Kruskal-Wallis H-Test. 
The table reveals that the data collected for all the digital tools reported a p-value above .05. 
This result infers that at 95% confidence level, there is a statistically significant relationship 
among the professionals pertaining to the awareness of digital tools available to the 
construction industry in South Africa. On further analysis it is clear that the professionals 
highly recognized the more common technologies such as computers (laptops/desktops), 
mobile phones, CAD (Computer-aided design), Dropbox/cloud computing/Wetransfer on the 
basis that all these functions are virtually interrelated i.e. computers, laptops and mobile phone 
are continually upgraded and harness ‘smart’ features that allow a variety of functions such as 
the download of applications. As a consequence, CAD, BIM and the storage and access of 
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information via a cloud can be retrieved using either a smart mobile phone or a computer. 
Hence these items had associated high mean values of 4.54, 4.40, 4.30 and 4.23 respectively. 
However, construction professionals in the South African construction industry have not as yet 
been widely exposed to the more intricate technologies namely, Internet of things, artificial 
intelligence and machine learning which had the lowest scores of 2.69 and 2.51 respectively, 
which infers low awareness levels. 
 
Table 6. 1: Digital technologies available to the South African construction industry 
  Kruskal-Wallis 
Digital Technologies Mean Rank Chi-Sq. Sig. 
Computers (Laptops /desktops) 4.54 1 2.718 0.606 
Mobile phone 4.40 2 0.996 0.910 
CAD (Computer-aided design) 4.30 3 6.909 0.141 
Dropbox/ Cloud computing/WeTransfer  4.23 4 4.891 0.299 
BIM (Building information modelling) 3.75 5 5.209 0.267 
Biometric devices 3.45 6 7.998 0.092 
Drones /UAVs 3.41 7 3.150 0.533 
3D Printing/Additive manufacturing 3.36 8 2.792 0.593 
Sensors/RFID 3.22 9 2.965 0.564 
Robots and automated machinery 3.03 10 0.610 0.962 
Big data analytics 2.79 11 5.895 0.207 
Visual digital technologies (VR, AR & MR) 2.76 12 8.048 0.090 
Internet of Things 2.69 13 3.145 0.534 
Artificial intelligence and machine learning 2.51 14 3.844 0.428 
 
6.2.2  Usage of digital tools 
 
Out of 14 digital tools listed, only two (2) had a significant value less than .05 while 12 of the 
tools, signifying the majority of the variables, had a p-value above .05. What can be deduced 
from this is that at 95% confidence level, there is no significant difference in the view of the 
participants regarding the use of twelve of the digital technology tools listed. However, two of 
the listed variables indicated a p-value that signifies a difference in opinion regarding the use 
of CAD and BIM in the South African construction industry. This pertains to their views and 
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opinions regarding these tools. The disparity can be linked to the fact that BIM and CAD are 
only used by certain professionals in the construction industry as opposed to the rest. These 
applications are more linked to architects and engineers and are less likely used by quantity 
surveyors or construction managers, hence the difference in opinion. 
 Professionals in the construction industry are slowly appreciating the number of functions 
accessible from the BIM software as opposed to CAD.  CAD and BIM are sometimes viewed 
as similar products but because they are very different most professionals would therefore feel 
more strongly about the one as opposed to the other. 
On further scrutiny of the data presented in Table 6.2, computers (laptops / desktops), mobile 
phone, Dropbox/ cloud computing/WeTransfer Internet of things, CAD (Computer-aided 
design) and BIM (Building information modelling) all had mean values of above average of 
3.0. What can be deduced from this is that they all have a high usage level; all these 
technologies are accessible to computers and mobiles phones. These are the items that the 
construction professionals indicated that they were aware of. Similarly, the more intricate 
digital technologies which are relatively new or completely unknown to the South African 
construction market were the least used, namely artificial intelligence and machine learning, 
big data analytics, robots and automated machinery, sensors / RFID, drones /UAVs aggregated 
to average mean values less than 2.90. 
The construction industry is not completely oblivious of the digital tools in the construction 
industry. However, it is a conservative industry and takes much longer compared to the 
manufacturing industry to take up digital processes. Based on the mean item scores, there is 
some level of usage although very little. 
Table 6. 2: Digital technologies used in the South African construction industry 
  Kruskal-Wallis 
Digital Technologies Mean Rank Chi-Sq. Sig. 
Computers (Laptops/Desktops) 4.81 1 4.210 0.378 
Mobile phones 4.67 2 1.446 0.836 
Dropbox/Cloud computing/WeTransfer  4.11 3 4.342 0.362 
Internet of Things 3.68 4 3.946 0.413 
CAD (Computer-aided design) 3.56 5 14.910 0.005** 
BIM (Building information modelling) 3.01 6 17.574 0.001** 
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Artificial intelligence and machine learning 2.90 7 3.129 0.537 
Big data analytics 2.45 8 6.784 0.148 
Robots and automated machinery 2.24 9 2.805 0.591 
Sensors / RFID 2.18 10 3.789 0.435 
Drones /UAVs 2.15 11 3.334 0.504 
Visual digital technologies (VR, AR & MR) 2.03 12 4.328 0.363 
Biometric devices 1.97 13 2.524 0.640 
3D printing/Additive manufacturing 1.92 14 2.307 0.680 
 
6.3.1 BENEFITS ASSOCIATED WITH THE UPTAKE OF DIGITAL 
TECHNOLOGY 
The results of section C of the questionnaire which determines the benefits associated with the 
uptake of digitalisation in the South African construction industry are represented in this 
section. The mean score (x̄) and the exploratory factor analysis (EFA) of the results are 
presented.  The factors in the descriptive results are ranked from highest to lowest with the 
table also displaying the mean score as well as the standard deviation of the factors (SD).  
In the early stages of research when the aim is to gather information about the interrelationships 
among a set of variables, EFA is frequently used (Pallant, 2007:179). IBM SPSS Version 25 
of the SPSS was used for the EFA with tests being conducted to determine the suitability of 
the sample size for factor analysis. 
6.3.2 Results from descriptive analysis 
 
The results and rankings of the mean scores and standard deviations are presented and 
discussed below: 
Table 6. 3: Benefits associated with digitalisation in the construction industry 
Benefits associated with digitalisation Mean Std. Deviation Ranking 
Improved information storage and retrieval 4.31 0.884 1 
Better financial control and monitoring 4.30 0.882 2 
Efficient communication 4.25 0.857 3 
Effective project monitoring and control 4.24 0.900 4 
Improved quality 4.23 0.886 5 
Reduction of errors 4.21 0.935 6 
101 
 
Optimised productivity 4.14 0.910 7 
Work flexibility – remote working 4.09 0.900 8 
Quicker project delivery 4.06 0.874 9 
Draws young people to the industry 4.04 1.044 10 
Increased opportunities of collaboration 4.02 0.899 11 
Enhanced service delivery 4.02 0.899 11 
Effective online procurement 4.02 0.932 12 
Design freedom e.g. geometrical architectural 
designs 
4.01 1.078 13 
Eliminates time and space barriers 3.97 0.937 14 
Proactive problem-solving 3.95 0.947 15 
Reduced cost of doing business 3.95 1.029 16 
Tracking of on-site plant and equipment 3.95 1.038 17 
Simplified decision making 3.89 1.004 18 
Environmental protection e.g. waste reduction 3.88 1.085 19 
Improved workers’ health and safety 3.80 1.146 20 
Reduced human effort in construction 3.76 1.046 21 
Remote operation of machinery 3.42 1.182 22 
 
Table 6.3 shows the participants’ rankings of the benefits they perceive are associated with 
digitalisation in the South African construction industry. The results reveal that ‘Improves 
information storage and retrieval’ was ranked first with a mean score of 4.31 and standard 
deviation of 0.884; ‘Better financial control and monitoring’ was ranked second with a mean 
score of 4.3 and SD of 0.882; ‘Efficient communication’ was ranked third with a mean score 
of 4.25 and SD of 0.857; ‘Effective project monitoring and control’ was ranked fourth with a 
mean score of 4.24 and SD of 0.900 and ‘Improves quality’ was ranked fifth with a mean score 
of 4.23 and SD of 0.886.  These were the five top benefits associated with digitalisation.  
Moreover, factors which were regarded as of least benefit from the use of digital tools were 
‘Simplified decision making’ which was ranked eighteenth with a mean score of 3.89 and SD 
of 1.004; ‘Environmental protection e.g. waste reduction’ was ranked nineteenth with a mean 
score of 3.88 and SD of 1.085; ‘ Improves workers’ health and safety’ was ranked twentieth 
with a mean score of 3.80 and SD of 1.146; ‘Reduced human effort in construction’ was ranked 
twenty-first  with a mean score of 3.76 and SD of 1.046; and of least benefit was ‘Remote 
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operation of machinery’ which was ranked twenty-second with a mean score of 3.42 and SD 
of 1.182. 
6.3.2  Results from exploratory factor analysis 
No variables were excluded from the list. Before principal component analysis (PCA), the data 
was assessed for suitability to perform factor analysis. Table 6.4 presents a definition of the 
benefits identified. 
Table 6. 4: Definition of the identifies benefits 
Variable Definition 
C9.1 Better financial control and monitoring 
C9.2 Reduction of errors 
C9.3 Improved quality 
C9.4 Environmental protection e.g. waste reduction 
C9.5 Reduced cost of doing business 
C9.6 Effective online procurement 
C9.7 Optimised productivity 
C9.8 Work flexibility - remote working 
C9.9 Reduced human effort in construction 
C9.10 Improved workers’ health and safety 
C9.11 Tracking of onsite plant and equipment 
C9.12 Remote operation of machinery 
C9.13 Design freedom e.g. geometrical architectural designs  
C9.14 Effective project monitoring and control 
C9.15 Quicker project delivery 
C9.16 Efficient communication 
C9.17 Eliminates time and space barriers 
C9.18 Increased opportunities of collaboration 
C9.19 Simplified decision-making 
C9.20 Improved information storage and retrieval 
C9.21 Enhanced service delivery 
C9.22 Proactive problem-solving 
C9.23 Draws young people to the industry 
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The correlation matrix revealed the presence of coefficients of values greater than 0.3 as shown 
in table 6.5, indicating that factor analysis is appropriate. The KMO measure of sampling 
adequacy achieved a value of 0.922 as shown in Table 6.6. This value is above the 
recommended value of 0.6. Lastly, the Bartlett’s test of sphericity was measured at 0.000 (less 
than 0.05), which proves suitability for factor analysis.  
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Table 6. 5 Correlation matrix of factor analysis 
Correlation C9.1 C9.2 C9.3 C9.4 C9.5 C9.6 C9.7 C9.8 C9.9 C9.10 C9.11 C9.12 C9.13 C9.14 C9.15 C9.16 C9.17 C9.18 C9.19 C9.20 C9.21 C9.22 C9.23 
C9.1 1,000 0,584 0,609 0,524 0,518 0,644 0,576 0,602 0,342 0,400 0,491 0,343 0,571 0,646 0,461 0,528 0,390 0,528 0,323 0,540 0,324 0,429 0,393 
C9.2 0,584 1,000 0,709 0,553 0,484 0,470 0,570 0,517 0,362 0,426 0,427 0,349 0,569 0,611 0,615 0,627 0,480 0,548 0,552 0,629 0,500 0,537 0,385 
C9.3 0,609 0,709 1,000 0,607 0,545 0,508 0,573 0,595 0,442 0,444 0,441 0,379 0,601 0,551 0,595 0,549 0,471 0,514 0,517 0,566 0,578 0,616 0,329 
C9.4 0,524 0,553 0,607 1,000 0,628 0,462 0,396 0,435 0,491 0,549 0,488 0,544 0,537 0,474 0,455 0,424 0,473 0,541 0,424 0,345 0,438 0,594 0,450 
C9.5 0,518 0,484 0,545 0,628 1,000 0,633 0,428 0,376 0,562 0,454 0,480 0,483 0,520 0,417 0,509 0,404 0,418 0,394 0,327 0,461 0,449 0,485 0,331 
C9.6 0,644 0,470 0,508 0,462 0,633 1,000 0,604 0,540 0,378 0,278 0,450 0,368 0,513 0,488 0,433 0,499 0,382 0,434 0,283 0,532 0,373 0,390 0,373 
C9.7 0,576 0,570 0,573 0,396 0,428 0,604 1,000 0,613 0,354 0,405 0,392 0,423 0,472 0,439 0,586 0,460 0,491 0,515 0,426 0,498 0,466 0,536 0,281 
C9.8 0,602 0,517 0,595 0,435 0,376 0,540 0,613 1,000 0,442 0,311 0,470 0,477 0,509 0,472 0,494 0,442 0,506 0,560 0,469 0,561 0,560 0,539 0,394 
C9.9 0,342 0,362 0,442 0,491 0,562 0,378 0,354 0,442 1,000 0,575 0,473 0,622 0,352 0,319 0,392 0,293 0,457 0,360 0,369 0,322 0,435 0,477 0,231 
C9.10 0,400 0,426 0,444 0,549 0,454 0,278 0,405 0,311 0,575 1,000 0,492 0,525 0,321 0,351 0,466 0,350 0,352 0,426 0,393 0,311 0,357 0,493 0,404 
C9.11 0,491 0,427 0,441 0,488 0,480 0,450 0,392 0,470 0,473 0,492 1,000 0,626 0,506 0,478 0,382 0,411 0,403 0,445 0,324 0,479 0,283 0,460 0,347 
C9.12 0,343 0,349 0,379 0,544 0,483 0,368 0,423 0,477 0,622 0,525 0,626 1,000 0,496 0,350 0,376 0,244 0,458 0,477 0,329 0,348 0,410 0,542 0,306 
C9.13 0,571 0,569 0,601 0,537 0,520 0,513 0,472 0,509 0,352 0,321 0,506 0,496 1,000 0,612 0,418 0,413 0,510 0,605 0,393 0,569 0,334 0,377 0,359 
C9.14 0,646 0,611 0,551 0,474 0,417 0,488 0,439 0,472 0,319 0,351 0,478 0,350 0,612 1,000 0,482 0,576 0,380 0,468 0,342 0,680 0,319 0,393 0,463 
C9.15 0,461 0,615 0,595 0,455 0,509 0,433 0,586 0,494 0,392 0,466 0,382 0,376 0,418 0,482 1,000 0,532 0,545 0,461 0,549 0,603 0,551 0,541 0,396 
C9.16 0,528 0,627 0,549 0,424 0,404 0,499 0,460 0,442 0,293 0,350 0,411 0,244 0,413 0,576 0,532 1,000 0,563 0,465 0,408 0,616 0,518 0,501 0,452 
C9.17 0,390 0,480 0,471 0,473 0,418 0,382 0,491 0,506 0,457 0,352 0,403 0,458 0,510 0,380 0,545 0,563 1,000 0,625 0,480 0,536 0,553 0,488 0,352 
C9.18 0,528 0,548 0,514 0,541 0,394 0,434 0,515 0,560 0,360 0,426 0,445 0,477 0,605 0,468 0,461 0,465 0,625 1,000 0,607 0,551 0,487 0,559 0,559 
C9.19 0,323 0,552 0,517 0,424 0,327 0,283 0,426 0,469 0,369 0,393 0,324 0,329 0,393 0,342 0,549 0,408 0,480 0,607 1,000 0,585 0,652 0,653 0,438 
C9.20 0,540 0,629 0,566 0,345 0,461 0,532 0,498 0,561 0,322 0,311 0,479 0,348 0,569 0,680 0,603 0,616 0,536 0,551 0,585 1,000 0,590 0,513 0,523 
C9.21 0,324 0,500 0,578 0,438 0,449 0,373 0,466 0,560 0,435 0,357 0,283 0,410 0,334 0,319 0,551 0,518 0,553 0,487 0,652 0,590 1,000 0,725 0,398 
C9.22 0,429 0,537 0,616 0,594 0,485 0,390 0,536 0,539 0,477 0,493 0,460 0,542 0,377 0,393 0,541 0,501 0,488 0,559 0,653 0,513 0,725 1,000 0,421 
C9.23 0,393 0,385 0,329 0,450 0,331 0,373 0,281 0,394 0,231 0,404 0,347 0,306 0,359 0,463 0,396 0,452 0,352 0,559 0,438 0,523 0,398 0,421 1,000 
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Table 6. 6: KMO and Bartlett’s test 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.922 
Bartlett's Test of Sphericity 
  
  
Approx. Chi-Square 1560.514 
df 253 
Sig. 0.000 
 
The data was taken through PCA using varimax rotation. With eigenvalues set at one (1), three 
(3) factors with values higher than one (1) were extracted. Figure 6.7 represents the scree plot 
which also shows the excluded factors by indicating the point where the curve changes 
direction. Only points above the elbow are extracted. 
 
Figure 6. 7: Scree plot for factor analysis 
The total variance explained by the extracted factors are Factor 1 (48.730%), Factor 2 
(6.783%), and Factor 3 (6.225%) as indicated in Table 6.7. To this extent the final statistics of 
the PCA and factors extracted accounted for 57.574% of the cumulative variance. 
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Table 6. 7: Total variance explained 
Factor Initial Eigenvalues Extraction Sums of Squared 
Loadings 
Rotation Sums of Squared 
Loadings 
  Total % of 
Variance 
Cumulative 
% 
Total % of 
Variance 
Cumulative 
% 
Total % of 
Variance 
Cumulative 
% 
1 11,438 49,730 49,730 11,021 47,916 47,916 5,165 22,457 22,457 
2 1,560 6,783 56,513 1,156 5,026 52,942 4,335 18,848 41,305 
3 1,432 6,225 62,738 1,065 4,631 57,574 3,742 16,268 57,574 
4 0,985 4,283 67,021             
5 0,872 3,790 70,811             
6 0,719 3,127 73,938             
7 0,702 3,052 76,991             
8 0,684 2,975 79,966             
9 0,616 2,680 82,646             
10 0,540 2,350 84,996             
11 0,479 2,082 87,078             
12 0,413 1,797 88,875             
13 0,367 1,595 90,470             
14 0,320 1,391 91,861             
15 0,311 1,352 93,214             
16 0,255 1,109 94,323             
17 0,234 1,016 95,339             
18 0,225 0,978 96,316             
19 0,201 0,875 97,192             
20 0,192 0,836 98,028             
21 0,166 0,721 98,748             
22 0,150 0,653 99,402             
23 0,138 0,598 100,000             
Extraction Method: Principal Axis Factoring.  
 
Through principal axis factoring, three (3) factors were revealed with eigenvalues greater than 
1 as shown in Table 6.8. This resulted in the following interpretation: Factor 1 was termed 
Project-specific benefits; Factor 2, Company-specific benefits; and Factor 3, Site-specific 
benefits. The factors were named through a thorough examination of the variables within each 
of the factors.  The fundamental indicators of each of the factors extracted are explained below. 
 
Table 6. 8: Rotated factor matrixa 
  Factors  
1 2 3 
Better financial control and monitoring 0.765   
Effective project monitoring and control 0.731   
Effective online procurement 0.647   
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Design freedom e.g. Geometrical architectural designs  0.629   
Improved information storage and retrieval 0.623   
Reduction of errors 0.602   
Efficient communication 0.563   
Improved quality 0.548   
Optimised productivity 0.507   
Work flexibility – remote working 0.490   
Enhanced service delivery  0.785  
Simplified decision-making  0.754  
Proactive problem-solving  0.668  
Quicker project delivery  0.543  
Eliminates time and space barriers  0.505  
Increased opportunities of collaboration  0.496  
Draws young people to the industry  0.381  
Remote operation of machinery   0.767 
Reduced human effort in construction   0.703 
Improved workers’ health and safety   0.597 
Environmental protection e.g. waste reduction   0.586 
Tracking of onsite plant and equipment   0.560 
Reduced cost of doing business   0.547 
Extraction Method: Principal Axis Factoring.  
 Rotation Method: Varimax with Kaiser Normalization.a 
a. Rotation converged in 8 iterations. 
 
6.3.2.1 Factor 1: Project specific benefits 
With reference to Table 6.7, the ten (10) extracted benefits for Factor 1 were Better financial 
control and monitoring (76.5%), Effective project monitoring and control (73.1%), Effective 
online procurement (64.7%), Design freedom e.g. Geometrical architectural designs (62.3%), 
Improved information storage and retrieval (60.2%), Reduction of errors (56.3%), Efficient 
communication (54.8%), Improved quality (54.8%), Optimised productivity (50.7%), and 
Work flexibility – remote working (49.0%). The percentage values indicate the respective 
factor loadings whereas the definitions of these variables are shown in Table 6.4. This cluster 
accounted for 49.7% of the variance. 
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6.3.2.2 Factor 2: Company-specific benefits 
With reference to Table 6.7, the seven (7) extracted benefits for Factor 2 were enhanced service 
delivery (78.5%), simplified decision making (75.4%), proactive problem solving (66.8%), 
quicker project delivery (54.3%), eliminates time and space barriers (50.5%), increased 
opportunities of collaboration (49.6%), and draws young people to the industry (38.1%). The 
percentage values indicate the respective factor loading whereas the definition of these 
variables is shown in Table 6.4. This cluster accounted for 6.8% of the variance. 
6.3.2.3 Factor 3: Site-specific benefits 
The six (6) extracted benefits for Factor 3 were remote operation of machinery (76.7%), 
reduced human effort in construction (70.3%), improved worker’s health and safety (59.7%), 
environmental protection e.g. waste reduction (58.6%), tracking of onsite plant and equipment 
(56%), and reduced cost of doing business (54.7%) as shown in Table 6.7. The percentage 
values indicate the respective factor loadings whereas the definitions of these variables are 
shown in Table 6.4. This cluster accounted for 6.2% of the variance. 
 
6.4 CRITICAL RISK FACTORS ASSOCIATED WITH DIGITALISATION 
 
The results of section D of the questionnaire which determines the risks associated with the 
uptake of digitalisation in the South African construction industry are represented in this 
section. The mean score (x̄) and the exploratory factor analysis (EFA) of the results are 
presented.  The factors in the descriptive results are ranked from highest to lowest with the 
table also displaying the mean score as well as the standard deviation of the factors (SD).  
In early stages of research when the aim is to gather information about the interrelationships 
among a set of variables, exploratory factor analysis is frequently used (Pallant, 2007:179). 
IBM SPSS Version 25 was used for the EFA with tests being conducted to determine the 
suitability of the sample size for factor analysis. 
6.4.1 Results from descriptive analysis 
 
The results and rankings of the mean scores and standard deviations are presented and 
discussed below: 
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Table 6. 9: Risks associated with digitalisation in the construction industry 
Risk factors Mean Std. Deviation Ranking 
Increase in unemployment 3.69 1.187 1 
Lack of required technical skills 3.62 0.972 2 
Requirement of additional costs 3.59 1.083 3 
Data security/Cyber attacks 3.57 1.225 4 
Increased industry competition 3.54 1.072 5 
Loss of interpersonal communication skills 3.45 1.175 6 
Asset management risk – loss of equipment or devices 3.35 1.095 7 
Implementation failure (Inadequate change management) 3.32 1.024 8 
System software failure 3.32 1.100 9 
System hardware failure 3.31 1.061 10 
Complacency – overreliance on gadgets 3.30 1.078 11 
Clashes with existing company practices and operations 3.29 1.104 12 
Protests (technology rejection) 3.19 1.125 13 
Compliance violations with public sector practices and 
operations 
3.17 1.088 14 
Legal risks 3.10 1.129 15 
Obsolescence 3.09 1.156 16 
Human error 3.08 1.107 17 
Infringement of privacy 3.02 1.110 18 
Loss of income 3.01 1.227 19 
Work overload 2.94 1.171 20 
Negative returns of investments 2.77 1.014 21 
Productivity loss 2.66 1.249 22 
Personal injury 2.60 1.279 23 
 
Table 6.9 shows the participants’ rankings of the risks they perceive are associated with 
digitalisation in the South African construction industry. The results reveal that ‘ Increase in 
unemployment’ was ranked first with a mean score of 3.69 and a SD of 1.187; ‘Lack of required 
skills’ was ranked second with a mean score of 3.62 and a SD of 0.972; ‘Requirement of 
additional cost’ was ranked third with a mean score of 3.59 and a SD of 1.083; ‘Data 
security/cyber attacks’ was ranked fourth with a mean score of 3.57 and a SD of 1.225 and 
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‘Increases industry competition’ was ranked fifth with a mean score of 3.54 and a SD of 1.072. 
These were the top risk factors as perceived by the construction professionals. 
The factors that were least perceived as risk factors were ‘ Loss of income’ which was ranked 
nineteenth with a mean score of 3.01 and a SD of 1.227; ‘Work overload’ which was ranked 
twentieth with a mean score of 2.94 and a SD of 1.171; ‘Negative returns of investment’ which 
was ranked twenty-first with a mean score of 2.77 and a SD of 1.014; ‘Productivity loss’ which 
was ranked twenty-second with a mean score of 2.66 and a SD of 1.249; and the least risk 
factor ranked twenty-third was ‘Personal injury’ with a mean score of 2.6 and a SD of 1.279. 
6.4.2 Results from exploratory factor analysis 
 
The results from the EFA based on the risks associated with digitalization are presented in 
Tables 6.10 – 6.14 and Figure 6.8. None of the listed variables were omitted. This resulted in 
twenty-three (23) risk factors being identified in the South African construction industry. Table 
6.10 presents definitions of the various risk factors identified. 
Table 6. 10: Definition of the critical risks associated with digitalisation 
Variable Definition 
D10.1 Negative returns of investment 
D10.2 Requirements of additional costs 
D10.3 Implementation failure (Inadequate change management) 
D10.4 Lack of required technical skills 
D10.5 Human error 
D10.6 Increase in unemployment 
D10.7 Work overload 
D10.8 Productivity loss 
D10.9 Complacency – overreliance on gadgets 
D10.10 Personal injury 
D10.11 Infringement of privacy 
D10.12 System hardware failure 
D10.13 System software failure 
D10.14 Protests (technology rejection) 
D10.15 Loss of interpersonal communication skills 
D10.16 Loss of income 
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D10.17 Clashes with existing company practices and operations 
D10.18 Increased industry competition 
D10.19 Legal risks 
D10.20 Obsolescence 
D10.21 Data security/Cyber attacks 
D10.22 Asset management risk- Loss of equipment or devices 
D10.23 Compliance violations with public sector practices and operations 
 
The correlation matrix revealed the presence of coefficients of values greater than 0.3 as shown 
in table 6.11, indicating that factor analysis is appropriate. The KMO measure of sampling 
adequacy achieved a value of 0.813 as shown in Table 6.12. This value is above the 
recommended value of 0.6. Lastly, the Bartlett’s test of sphericity was measured at 0.000 (less 
than 0.05), which proves suitability for factor analysis.  
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Table 6. 11: Correlation matrix of factor analysis 
Correlation D10.1 D10.2 D10.3 D10.4 D10.5 D10.6 D10.7 D10.8 D10.9 D10.10 D10.11 D10.12 D10.13 D10.14 D10.15 D10.16 D10.17 D10.18 D10.19 D10.20 D10.21 D10.22 D10.23 
D10.1 1,000 0,432 0,419 0,446 0,591 0,150 0,554 0,471 0,489 0,473 0,391 0,374 0,373 0,260 0,193 0,485 0,353 0,080 0,314 0,375 0,120 0,379 0,390 
D10.2 0,432 1,000 0,554 0,493 0,332 0,328 0,164 0,153 0,286 0,209 0,109 0,223 0,296 0,248 0,310 0,479 0,281 0,304 0,169 0,280 0,155 0,305 0,254 
D10.3 0,419 0,554 1,000 0,386 0,330 0,279 0,261 0,318 0,253 0,203 0,324 0,227 0,333 0,197 0,347 0,433 0,236 0,217 0,166 0,380 0,147 0,365 0,408 
D10.4 0,446 0,493 0,386 1,000 0,553 0,268 0,299 0,214 0,372 0,212 0,270 0,303 0,268 0,203 0,362 0,419 0,432 0,384 0,239 0,317 0,296 0,362 0,264 
D10.5 0,591 0,332 0,330 0,553 1,000 0,217 0,473 0,431 0,407 0,471 0,444 0,361 0,314 0,308 0,319 0,417 0,358 0,191 0,304 0,301 0,127 0,323 0,396 
D10.6 0,150 0,328 0,279 0,268 0,217 1,000 0,227 0,195 0,333 0,155 0,189 0,244 0,230 0,269 0,286 0,308 0,267 0,280 0,182 0,173 0,141 0,353 0,261 
D10.7 0,554 0,164 0,261 0,299 0,473 0,227 1,000 0,646 0,447 0,457 0,320 0,455 0,447 0,316 0,255 0,479 0,374 0,293 0,266 0,314 0,201 0,324 0,391 
D10.8 0,471 0,153 0,318 0,214 0,431 0,195 0,646 1,000 0,322 0,530 0,232 0,253 0,276 0,293 0,198 0,473 0,391 0,189 0,373 0,353 0,087 0,261 0,466 
D10.9 0,489 0,286 0,253 0,372 0,407 0,333 0,447 0,322 1,000 0,439 0,443 0,483 0,506 0,289 0,445 0,365 0,260 0,175 0,258 0,271 0,312 0,289 0,276 
D10.10 0,473 0,209 0,203 0,212 0,471 0,155 0,457 0,530 0,439 1,000 0,454 0,367 0,342 0,311 0,325 0,434 0,338 0,125 0,330 0,269 0,158 0,213 0,363 
D10.11 0,391 0,109 0,324 0,270 0,444 0,189 0,320 0,232 0,443 0,454 1,000 0,570 0,516 0,362 0,396 0,311 0,227 0,136 0,444 0,430 0,386 0,327 0,367 
D10.12 0,374 0,223 0,227 0,303 0,361 0,244 0,455 0,253 0,483 0,367 0,570 1,000 0,901 0,453 0,529 0,417 0,322 0,147 0,380 0,408 0,468 0,430 0,419 
D10.13 0,373 0,296 0,333 0,268 0,314 0,230 0,447 0,276 0,506 0,342 0,516 0,901 1,000 0,427 0,554 0,477 0,300 0,223 0,391 0,433 0,477 0,395 0,395 
D10.14 0,260 0,248 0,197 0,203 0,308 0,269 0,316 0,293 0,289 0,311 0,362 0,453 0,427 1,000 0,483 0,439 0,498 0,408 0,314 0,369 0,269 0,427 0,348 
D10.15 0,193 0,310 0,347 0,362 0,319 0,286 0,255 0,198 0,445 0,325 0,396 0,529 0,554 0,483 1,000 0,453 0,520 0,286 0,379 0,437 0,469 0,471 0,369 
D10.16 0,485 0,479 0,433 0,419 0,417 0,308 0,479 0,473 0,365 0,434 0,311 0,417 0,477 0,439 0,453 1,000 0,589 0,305 0,410 0,440 0,272 0,502 0,645 
D10.17 0,353 0,281 0,236 0,432 0,358 0,267 0,374 0,391 0,260 0,338 0,227 0,322 0,300 0,498 0,520 0,589 1,000 0,301 0,393 0,531 0,396 0,372 0,476 
D10.18 0,080 0,304 0,217 0,384 0,191 0,280 0,293 0,189 0,175 0,125 0,136 0,147 0,223 0,408 0,286 0,305 0,301 1,000 0,326 0,351 0,205 0,319 0,218 
D10.19 0,314 0,169 0,166 0,239 0,304 0,182 0,266 0,373 0,258 0,330 0,444 0,380 0,391 0,314 0,379 0,410 0,393 0,326 1,000 0,507 0,391 0,317 0,476 
D10.20 0,375 0,280 0,380 0,317 0,301 0,173 0,314 0,353 0,271 0,269 0,430 0,408 0,433 0,369 0,437 0,440 0,531 0,351 0,507 1,000 0,558 0,516 0,514 
D10.21 0,120 0,155 0,147 0,296 0,127 0,141 0,201 0,087 0,312 0,158 0,386 0,468 0,477 0,269 0,469 0,272 0,396 0,205 0,391 0,558 1,000 0,539 0,490 
D10.22 0,379 0,305 0,365 0,362 0,323 0,353 0,324 0,261 0,289 0,213 0,327 0,430 0,395 0,427 0,471 0,502 0,372 0,319 0,317 0,516 0,539 1,000 0,641 
D10.23 0,390 0,254 0,408 0,264 0,396 0,261 0,391 0,466 0,276 0,363 0,367 0,419 0,395 0,348 0,369 0,645 0,476 0,218 0,476 0,514 0,490 0,641 1,000 
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Table 6. 12: KMO and Bartlett’s test 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy.   0.813 
Bartlett's Test of Sphericity 
  
  
Approx. Chi-Square 1266.227 
df 253 
Sig. 0.000 
 
The data was taken through PCA using varimax rotation. With eigenvalues set at one (1), five 
(5) factors with values higher than one (1) were extracted. Figure 6.8 represents the scree plot 
which also shows the excluded factors by indicating the point where the curve changes 
direction. Only points above the elbow are extracted.  
 
Figure 6. 8: Scree plot for factor analysis 
 
The total variance explained by the extracted factors are: Factor 1 (38.225%), Factor 2 
(8.095%), and Factor 3 (7.219%), Factor 4 (5.881%) and lastly, Factor 5 (4.775%) as indicated 
in Table 6.13. To this extent the final statistics of the PCA and factors extracted accounted for 
55% of the cumulative variance. 
Table 6. 13: Total variance explained 
 
 
Factor 
Initial Eigenvalues Extraction Sums of Squared 
Loadings 
Rotation Sums of Squared 
Loadings 
Total % of 
Variance 
Cumulative 
% 
Total % of 
Variance 
Cumulative 
% 
Total % of 
Variance 
Cumulative 
% 
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1 8.792 38.225 38.225 8.364 36.367 36.367 3.027 13.160 13.160 
2 1.862 8.095 46.319 1.474 6.407 42.774 2.776 12.068 25.228 
3 1.660 7.219 53.539 1.224 5.323 48.097 2.729 11.864 37.092 
4 1.353 5.881 59.420 0.952 4.141 52.238 2.326 10.112 47.203 
5 1.098 4.775 64.195 0.601 2.613 54.851 1.759 7.647 54.851 
6 0.939 4.083 68.278 
      
7 0.813 3.534 71.812 
      
8 0.795 3.457 75.268 
      
9 0.766 3.332 78.600 
      
10 0.673 2.926 81.527 
      
11 0.596 2.592 84.119 
      
12 0.547 2.376 86.495 
      
13 0.528 2.294 88.789 
      
14 0.437 1.899 90.688 
      
15 0.399 1.733 92.421 
      
16 0.342 1.489 93.910 
      
17 0.317 1.377 95.287 
      
18 0.291 1.265 96.552 
      
19 0.249 1.084 97.635 
      
20 0.180 0.781 98.416 
      
21 0.164 0.712 99.128 
      
22 0.143 0.623 99.751 
      
23 0.057 0.249 100.000 
      
Extraction Method: Principal Axis Factoring. 
 
Through principal axis factoring, five (5) factors were revealed with eigenvalues greater than 
1 as shown in Table 6.14. The following interpretation resulted from an inspection of the 
relationships among the variables under each factor: Factor 1 was termed Human and 
financial risk factors; Factor 2 Technological risks; Factor 3 Legal and security-related 
risks; Factor 4 Operational risk; and Factor 5 Socioeconomic risk factors. The fundamental 
indicators of each of the factors extracted are explained below. 
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Table 6. 14: Rotated factor Matrixa 
  Factor 
1 2 3 4 5 
Productivity loss 0.768     
Work overload 0.658     
Negative returns on investment 0.621     
Personal injury 0.607     
Human error 0.531     
Loss of income 0.422     
System hardware failure 
 
0.844    
System software failure  0.792    
Infringement of privacy  0.536    
Complacency - overreliance on gadgets  0.488    
Loss of interpersonal communication skills  0.451    
Compliance violations with public sector practices and 
operations 
  0.704   
Data security/Cyber attacks   0.649   
Obsolescence    0.623   
Asset management risk - loss of equipment or devices   0.582   
Legal risks   0.443   
Requirement of additional costs    0.761  
Implementation failure (Inadequate change management)    0.584  
Lack of required technical skills    0.574  
Increased industry competitions     0.541 
Protests (Technology rejection)     0.535 
Clashes with existing company practices and operations     0.500 
Increase in unemployment     0.320 
Extraction Method: Principal Axis Factoring.  
 Rotation Method: Varimax with Kaiser Normalization.a 
a. Rotation converged in 7 iterations. 
 
6.4.2.1 Factor 1: Human and financial risk factors 
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With reference to Table 6.13, the six (6) extracted critical risk factors for Factor 1 were 
Productivity loss (76.8%), Work overload (65.8%), Negative returns on investment (62.1%), 
Personal injury (60.7%), Human error (53.1%), and Loss of income (42.2%). The percentage 
values indicate the respective factor loadings whereas the definitions of these variables are 
shown in Table 6.10. This cluster accounted for 38.2% of the variance. 
6.4.2.2 Factor 2: Technological risk factors 
The five (5) extracted risk factors for Factor 2 were System hardware failure (84.4%); System 
software failure (79.2%); Infringement of privacy (53.6%); Complacency - overreliance on 
gadgets (48.8%); and Loss of interpersonal communication skills (45.1%) as indicated in Table 
6.13. The percentage values indicate the respective factor loadings whereas the definitions of 
these variables are shown in Table 6.10. This cluster accounted for 8.1% of the variance. 
6.4.2.3 Factor 3: Legal and security risk factors 
The five (5) factors that were extracted for Factor 3 were Compliance violations with public 
sector practices and operations (70.4%); Data security/ Cyber-attacks (64.9%); Obsolescence 
(62.3%); Asset management risk - loss of equipment or devices (58.2%); and Legal risks 
(44.3%) as indicated in Table 6.13. The percentage values indicate the respective factor 
loadings whereas the definitions of these variables are shown in Table 6.10. This cluster 
accounted for 7.2% of the variance 
6.4.2.4 Factor 4: Operational risk factors 
With reference to Table 6.13, the three (3) extracted critical risk factors for Factor 4 were 
Requirement of additional costs (76.1%); Implementation failure (Inadequate change 
management) (58.4%); and Lack of required technical skills (57.4%). The percentage values 
indicate the respective factor loadings whereas the definitions of these variables are shown in 
Table 6.10. This cluster accounted for 5.9% of the variance. 
6.4.2.5 Factor 5: Socio-economic risk factors 
The four (4) factors that were extracted for Factor 5 were Increased industry competition 
(54.1%); Protests (Technology rejection) (53.5%), Clashes with existing company practices 
and operations (50.0%); and Increase in unemployment (32.0%) as indicated in Table 6.13. 
The percentage values indicate the respective factor loadings whereas the definitions of these 
variables are shown in Table 6.10. This cluster accounted for 4.8% of the variance. 
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6.5 PRACTICAL MITIGATION STRATEGIES FOR RISK ASSOCIATED WITH 
DIGITALISATION 
 
The results of Section E of the questionnaire which determines the practical mitigation 
strategies for risks associated with digitalisation in the South African construction industry are 
represented in this section. The mean score (x̄) and the exploratory factor analysis (EFA) of the 
results are presented.  The factors in the descriptive results are ranked from highest to lowest 
with the table also displaying the mean score as well as the standard deviation of the factors 
(SD).  
In early stages of research when the aim is to gather information about the interrelationships 
among a set of variables, EFA is frequently used (Pallant, 2007:179). IBM SPSS Version 25 
was used for the EFA with tests being conducted to determine the suitability of the sample size 
for factor analysis. 
 
6.5.1 Results from descriptive analysis 
 
The results and rankings of the mean scores and standard deviations are presented and 
discussed below: 
Table 6. 15: Mitigation strategies for risks associated with digitalisation in the 
construction industry 
Mitigation Strategies Mean Std. Deviation Ranking 
Education and training 4.21 0.856 1 
Research and development 4.11 0.863 2 
Realistic budget forecasts and planning 4.06 0.962 3 
Adequate change management plans 4.04 0.852 4 
Implementation of data back-ups 4.03 1.096 5 
Better updated contractual guidelines 4.03 0.834 5 
Adaptation of regulations and policies 3.98 0.985 6 
Re-skilling 3.95 0.925 7 
Skills transfer 3.93 0.967 8 
The development of case studies showing potential 
benefits 
3.91 1.006 9 
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Adoption of strategic partnering 3.90 0.870 10 
Effecting appropriate insurance policies 3.78 1.050 11 
Vocational experience 3.74 0.917 12 
Installation of surveillance systems 3.72 1.129 13 
Public sector intervention 3.72 1.083 13 
 
Table 6.15 shows the participants’ ranking of the strategies they perceive will mitigate the risks 
associated with digitalisation in the South African construction industry. The results reveal that 
‘Education and training’ was ranked first with a mean score of 4.21 and a standard deviation 
(SD) of 0.856; in second place was ‘ Research and development’  with a mean score of 4.11 
and a SD of 0.862; ‘Realistic budget forecasts and planning’ was ranked third with a mean 
score of 4.06 and a SD of 0.962; ‘Adequate change management plans’ was ranked fourth with 
a mean score of 4.04 and a SD of 0.852; ‘Implementation of data back-ups’ was ranked fifth 
with a mean score of 4.03 and a SD of 1.096.  
Furthermore, the table showed that ‘The development of case-studies showing potential 
benefits’ was ranked ninth with a mean score of 3.91 and a SD of 1.006; ‘Adoption of strategic 
partnering’ was ranked tenth with a mean score of 3.90 and SD of 0.870; ‘Effecting appropriate 
insurance policies’ was ranked eleventh with a mean score of 3.78 and a SD of 1.050; 
‘Vocational experience’ was ranked twelfth with a mean score of 3.74 and a SD of 0.917; 
‘Installation of  surveillance systems’ and ‘Public sector intervention’ were ranked last with a 
mean score of 3.72 and SD of 1.129 and 1.083 respectively. 
6.5.2 Results from exploratory factor analysis 
 
The results from the EFA based on the mitigation strategies for risks associated with 
digitalization are presented in Tables 6.15 – 6.20 and Figure 6.9. None of the listed variables 
were omitted. This resulted in fifteen (15) mitigation strategies being identified in the South 
African construction industry. Table 6.16 presents definitions of the various risk factors 
identified. 
Table 6. 16: Definition of the mitigation strategies  
 Variable Definition 
E11.1 Realistic budget forecasts and planning 
E11.2 Adequate change management plans 
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E11.3 Vocational experience 
E11.4 Skills transfer 
E11.5 Re-skilling 
E11.6 Research and development 
E11.7 Education and training 
E11.8 Implementation of data back-ups 
E11.9 Adaptation of regulations and policies 
E11.10 The development of case studies showing potential benefits 
E11.11 Effecting appropriate insurance policies 
E11.12 Adoption of strategic partnering 
E11.13 Better updated contractual guidelines 
E11.14 Installation of surveillance systems 
E11.15 Public sector intervention 
 
The correlation matrix revealed the presence of coefficients of values greater than 0.3 as shown 
in table 6.17, indicating that factor analysis is appropriate. The KMO measure of sampling 
adequacy achieved a value of 0.897 as shown in Table 6.18. This value is above the 
recommended value of 0.6. Lastly, the Bartlett’s test of sphericity was measured at 0.000 (less 
than 0.05), which proves suitability for factor analysis.
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Table 6. 17: Correlation matrix of factor analysis 
Correlation E11.1 E11.2 E11.3 E11.4 E11.5 E11.6 E11.7 E11.8 E11.9 E11.10 E11.11 E11.12 E11.13 E11.14 E11.15 
E11.1 1,000 0,515 0,419 0,482 0,401 0,381 0,475 0,468 0,364 0,225 0,243 0,381 0,375 0,276 0,278 
E11.2 0,515 1,000 0,557 0,433 0,502 0,516 0,584 0,431 0,435 0,334 0,371 0,346 0,325 0,358 0,264 
E11.3 0,419 0,557 1,000 0,446 0,425 0,445 0,405 0,561 0,498 0,325 0,475 0,423 0,301 0,456 0,231 
E11.4 0,482 0,433 0,446 1,000 0,549 0,578 0,604 0,441 0,444 0,274 0,363 0,400 0,366 0,139 0,309 
E11.5 0,401 0,502 0,425 0,549 1,000 0,627 0,702 0,500 0,587 0,418 0,488 0,521 0,565 0,364 0,510 
E11.6 0,381 0,516 0,445 0,578 0,627 1,000 0,679 0,573 0,704 0,558 0,573 0,539 0,528 0,519 0,465 
E11.7 0,475 0,584 0,405 0,604 0,702 0,679 1,000 0,714 0,640 0,526 0,456 0,584 0,571 0,344 0,445 
E11.8 0,468 0,431 0,561 0,441 0,500 0,573 0,714 1,000 0,656 0,561 0,541 0,628 0,540 0,431 0,382 
E11.9 0,364 0,435 0,498 0,444 0,587 0,704 0,640 0,656 1,000 0,630 0,621 0,599 0,603 0,477 0,459 
E11.10 0,225 0,334 0,325 0,274 0,418 0,558 0,526 0,561 0,630 1,000 0,717 0,613 0,593 0,538 0,533 
E11.11 0,243 0,371 0,475 0,363 0,488 0,573 0,456 0,541 0,621 0,717 1,000 0,694 0,515 0,612 0,478 
E11.12 0,381 0,346 0,423 0,400 0,521 0,539 0,584 0,628 0,599 0,613 0,694 1,000 0,630 0,516 0,570 
E11.13 0,375 0,325 0,301 0,366 0,565 0,528 0,571 0,540 0,603 0,593 0,515 0,630 1,000 0,438 0,635 
E11.14 0,276 0,358 0,456 0,139 0,364 0,519 0,344 0,431 0,477 0,538 0,612 0,516 0,438 1,000 0,480 
E11.15 0,278 0,264 0,231 0,309 0,510 0,465 0,445 0,382 0,459 0,533 0,478 0,570 0,635 0,480 1,000 
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Table 6. 18: KMO and Bartlett’s test 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.897 
Bartlett's Test of Sphericity 
  
  
Approx. Chi-Square 953.089 
df 105 
Sig. 0.000 
 
The data was taken through PCA using varimax rotation. With eigenvalues set at one (1), two 
(2) factors with values higher than one (1) were extracted. Figure 6.9 represents the scree plot 
which also shows the excluded factors by indicating the point where the curve changes 
direction.  Only points above the elbow are extracted.  
 
Figure 6. 9: Scree plot for factor analysis 
The total variance explained by the extracted factors are Factor 1 (52.233%), and Factor 2 
(9.963) as indicated in Table 6.20. To this extent the final statistics of the PCA and factors 
extracted accounted for 56% of the cumulative variance. 
                                
Table 6. 19: Total variance explained 
Factor Initial Eigenvalues Extraction Sums of Squared 
Loadings 
Rotation Sums of Squared 
Loadings 
  Total % of 
Variance 
Cumulative 
% 
Total % of 
Variance 
Cumulative % Total % of 
Variance 
Cumulative 
% 
1 7.835 52.233 52.233 7.420 49.464 49.464 4.502 30.014 30.014 
2 1.494 9.963 62.196 1.036 6.910 56.374 3.954 26.359 56.374 
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3 0.987 6.581 68.777             
4 0.733 4.884 73.661             
5 0.649 4.329 77.990             
6 0.553 3.685 81.676             
7 0.468 3.122 84.797             
8 0.439 2.929 87.727             
9 0.384 2.562 90.289             
10 0.355 2.366 92.655             
11 0.292 1.950 94.605             
12 0.285 1.901 96.506             
13 0.199 1.330 97.835             
14 0.193 1.286 99.121             
15 0.132 0.879 100.000             
Extraction Method: Principal Axis Factoring.  
 
Through principal axis factoring, two (2) factors were revealed with eigenvalues greater than 
1 as shown in Table 6.20. The following interpretation resulted from an inspection of the 
relationships among the variables under each factor: Factor 1 was termed Risk avoidance and 
transfer and Factor 2 was termed Risk acceptance and reduction. The fundamental indicators 
of each of the factors extracted are explained below: 
Table 6. 20: Rotated factor matrixa 
  Factors 
1 2 
The development of case studies showing potential benefits 0.803  
Effecting appropriate insurance policies 0.774  
Adoption of strategic partnering  0.717  
Better updated contractual guidelines 0.653  
Installation of surveillance systems 0.643  
Adaptation of regulation and policies  0.631  
Public sector intervention  0.626  
Education and training   0.735 
Skill transfer  0.709 
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Adequate change management plans  0.665 
Re-skilling  0.625 
Realistic budget forecasts and planning  0.618 
Research and development  0.594 
Implementation of data back-ups  0.566 
Vocational experience  0.549 
Extraction Method: Principal Axis Factoring.  
 Rotation Method: Varimax with Kaiser Normalization.a 
a. Rotation converged in 3 iterations. 
 
6.5.2.1 Factor 1: Risk avoidance and transfer 
The seven (7) extracted practical mitigation strategies for Factor 1 were the development of 
case studies showing potential benefits (80.3%); Effecting appropriate insurance policies 
(77.4%); Adoption of strategic partnering (71.7%); better updated contractual guidelines 
(65.3%); Installation of surveillance systems (64.3%); Adaptation of regulation and policies 
(63.1) and Public sector intervention (62.6%) as indicated in Table 6.19. The percentage values 
indicate the respective factor loadings whereas the definitions of these variables are shown in 
Table 6.16. This cluster accounted for 52.2% of the variance. 
6.5.2.2 Factor 2: Risk acceptance and reduction 
 The eight (8) extracted practical mitigation strategies for Factor 2 were Education and training 
(73.5%); Skill transfer (70.9%); Adequate change management plans (66.5%); Re-skilling 
(62.5%); Realistic budget forecasts and planning (61.8%); Research and development (59.4%); 
Implementation of data back-ups (56.6%); and Vocational experience (54.9%) as presented in 
Table 6.19. The percentage values indicate the respective factor loadings whereas the 
definitions of these variables are shown in Table 6.16. This cluster accounted for 10% of the 
variance. 
6.6 CONCLUSION 
 
The research study findings were represented in this chapter where graphs, histograms, images 
and tables were used to interpret the results.  
The following chapter will involve the discussion of the results presented. 
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CHAPTER SEVEN 
DISCUSSION OF FINDINGS 
 
7.0 INTRODUCTION 
The results of the study regarding the risks associated with digitalisation in the South African 
construction industry are discussed in this chapter. In addition, the literature review conducted 
in Chapters Two, Three, Four and Five forms a combined discussion with the findings of the 
previous section (Chapter Six). This is done with the purpose of establishing whether the 
research objectives have been matched with the data analysis conducted in Chapter Six. The 
findings have been presented in relation to the research questions that were used to direct the 
study. Furthermore, conclusions are drawn for the overall research study. 
7.1 BACKGROUND INFORMATION 
 
In this section the background information of the participants i.e. demographic data, is 
examined. The data included gender, age, profession, highest educational qualification, type of 
organisation, and the number of years of working experience. 
 7.1.1  Background information results 
 
The results obtained from the one hundred useable questionnaires revealed that the majority of 
the participants were male at 77% and the remaining 23% were female. The next set of data 
related to the participants’ age groups where 18% of the participants were in the 18 – 25 years 
old age group, 63% of the participants were in the age group 26 – 35 years old, 11% were in 
the age group 36 – 45 years old, 3% were in the age group 46 – 55 years old, and 5% were 
older than 55 years. This indicated that there are only a few senior and experienced workers in 
the construction industry and the majority of the participants clustered in the group ranging 
from 26 – 35 years old.   
Regarding the respondents’ professions, quantity surveyors were the most dominant in number 
at 46%, followed by 18% construction managers, 16% construction project managers and 
engineers were 10% of the remaining sample. With regard to the participants’ educational 
background, the participants had furthered their education as follows: 44% had a baccalaureate 
degree; 29% had a postgraduate degree such as honours, master’s or doctorate, and 27% had a 
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post-matric diploma. This indicated that construction professionals in the construction industry 
are eager to improve their educational qualifications. 
 Furthermore, the results relating to the type of employment revealed that almost half of the 
participants worked for the main contractor at 48%; 25% worked as consultants or for 
consulting firms; 14% worked for sub-contractors and 13% worked for either an investor or 
developer which is categorised as the client.  In addition, the findings relating to the 
participants’ years of experience revealed that almost half of the participants had zero to five 
years’ experience at 47%, 28% had six to ten years’ experience, 11% had eleven to 15 years’ 
experience; 7% had sixteen to twenty years of experience and the rest had experience of more 
than twenty years at 6%. This indicated that the majority of the participants were new to the 
industry at an average of five years of industry experience and had more to learn. 
7.2 RESEARCH QUESTION ONE 
 
What is the awareness level of digital tools available in the South African construction 
industry? 
7.2.1  Findings 
 
The findings were established from the ranking (R) with reference to the mean score (x̄) for the 
listed digital tools available in the construction industry.  The findings revealed that participants 
were aware of computers (laptops/desktops) (x̄ = 4.54; R = 1); mobile phones (x̄ = 4.40; R = 
2); CAD (computer-aided design) (x̄ = 4.30; R = 3); Dropbox/cloud computing /WeTransfer 
(x̄ = 4.23; R = 4); and BIM (building information modelling) (x̄ = 3.75; R = 5). Furthermore, 
the lowest ranked digital tools were machine-to-machine communication (IoT) /smart objects 
or machinery (x̄ = 2.69; R = 13) and artificial intelligence or machine learning (x̄ = 2.51; R = 
14). 
7.2.2 Discussion 
 
 These findings were similar to findings by Mathau (2005:37) who noted that the construction 
industry is not stagnant when it comes to the uptake of digital technology tools. This is more 
prevalent as more applications; the Internet and other functions have been made accessible 
through mobile phones. These include calculators, Microsoft Office and the access to e-mails. 
Moreover, Mathau (2005:37) further indicated that construction professionals are becoming 
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aware of tech tools that can be used at any stage of the project for the purpose of design and 
drafting, building visualisation, design appraisals, project management, information storage 
and retrieval, cost estimation, structural analysis, on-site management, facilities management 
and many more. This matches the participants’ awareness of computers, mobile phones, CAD, 
BIM and other cloud computing functions. Additionally, Ahsan et al. (2007:3) and Rivard 
(2002:19) indicated how computers are becoming a usual sight on a construction site and that 
almost all employees working at any head office of a construction company own a computer. 
However, the findings contradict the view of Windhagen et al. (2017:6) who suggested that 
industry players are only slowly becoming leaders in the Internet of Things (IoT) as the 
majority of the respondents were not aware of this function.  
7.2.3 Implications of findings 
 
The first basis of the study was to establish the awareness of digital tools available in the South 
African construction industry. The theoretical review revealed that the industry is not as old-
fashioned as previously perceived regarding progress towards digitalizing the construction 
industry. However, the findings indicate that this is more on a basic level. This is evident from 
the information collected as 65% of professionals were aware of mobile phones and 71% were 
aware of computers. Moreover, the study revealed that CAD, cloud computing and BIM were 
tools that the professionals were most aware of which are all only accessible through mobile 
phones, laptops and computers. The awareness level of the more elaborate tools or applications 
such as robotics, big data and analytics, virtual and augmented reality, the Internet of things as 
well as artificial intelligence is low among construction professionals. From this it was 
observed that there is not enough information, education or practical implementation references 
related to an expanded range of digital technology tools available to the construction industry.  
7.3 RESEARCH QUESTION 2 
 
What is the level of digitalization uptake in the South African construction industry? 
7.3.1  Findings 
 
Based on the rankings (R), using the mean scores (x̄) of the listed digital tools available in the 
construction industry, the most frequently used tools were computers (laptops /desktops) (x̄ = 
4.81; R = 1); mobile phones (x̄ = 4.67; R = 2); Dropbox/cloud computing/ WeTransfer  (x̄ = 
4.11; R = 3); Internet of things (x̄ = 3.68; R = 4); and CAD (computer-aided design) (x̄ = 3.56; 
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R = 5); Furthermore, among the tools that were least used were  autonomous vehicles with 
sensors (x̄ = 1.97; R = 13) and machine-to-machine communication (IoT)/smart objects or 
machinery (x̄ = 1.92; R = 14). 
7.3.2 Discussion 
 
The findings were similar to the study conducted by Ahsan et al. (2007:3) who noted the 
increased use of computers in construction. Similarly, Aubert (2018:552) and Liu (2017:2180) 
noted a high usage of mobile phoned by the population. The findings also matched those of 
Harris (2017) who studied the usage of digital tools by leading firms in the South African 
construction and built environment where he found that design tools such as AutoCAD and 
Revit were tools that are preferred in the industry, together with cloud-based storage systems 
such as Dropbox and Google Drive. Moreover, the findings were in agreement with the work 
conducted by Ikediashi and Ogwueleka (2016:255). They studied the advancement of 
technology in Africa and found that tech tools that were used in the built environment were 
only for communication, calculations, project management and conducting designs. Similarly, 
Hlahla (2013:147) also found an insufficient use of advanced technology in the construction 
sector. In addition, the findings contradict Oladapo’s (2006:1) study that indicated that the 
construction sector had not made progress with regard to tools that make electronic functions 
such as online transaction and electronic procurement as well as electronic document transfer 
possible. 
7.3.3 Implications of findings  
 
Computers and mobile phones are modern ‘basic’ tools for communication, Internet access and 
conducting business for those who are able to afford them. This was reflected in the findings 
where computers, mobiles phones, the Internet, cloud storage, CAD and BIM were the most 
frequently used. This implies that construction professionals are becoming increasingly 
dependent on technology for a variety of functions and have in a major way moved away from 
paper-based methods. However, this is as far as the uptake of digital tools extends; the industry 
has not progressed much to the use of much more sophisticated digital tools that are available 
on the market.  
The professionals do not make use of automated machinery, drones, 3D printing, augmented 
reality or the Internet of Things (IoT). This finding agrees with the notion that the construction 
industry is a sector that lags behind in innovativeness and is slow regarding the uptake and use 
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of technology. These findings indicated that professionals in the construction industry are 
sceptical when it comes to the use of technology with which they are unfamiliar. The 
conformance is with the basic use of computers, mobiles phones and other functions that can 
be administered through these devices. There is substantial work that needs to be done with 
regard to what tools are available on the market and how they will help alleviate cost, time and 
quality issues. 
7.4 RESEARCH QUESTION 3 
 
What are the perceived benefits of digitalisation in the South African construction industry? 
7.4.1  Findings 
 
Through the use of rankings (R) of the listed benefits associated with digitalisation which were 
ranked through the calculated standard deviation (SD) and mean scores (x̄), the study revealed 
that the most perceived benefits were project specific benefits. These were: Improved 
information storage and retrieval (SD = 0.884; x̄ = 4.31; R = 1); Better financial control and 
monitoring (SD = 0.882; x̄ = 4.30; R = 2); Efficient communication (SD = 0.857; x̄ = 4.25; R 
= 3); Effective project monitoring and control (SD = 0.900; x̄ = 4.24; R = 4); and improved 
quality (SD = 0.886; x̄ = 4.23; R = 5). Moreover, the data revealed benefits that affect the 
company as a whole. These included: Quicker project delivery (SD = 0.874; x̄ = 4.06; R = 9); 
Draws young people to the industry (SD = 1.044; x̄ = 4.04; R = 10); Increases opportunities of 
collaboration (SD = 0.899; x̄ = 4.02; R = 11); Enhances service delivery (SD = 0.899; x̄ = 4.02; 
R = 11); and Eliminates time and space barriers (SD = 0.937; x̄ = 3.97; R = 14). Other least 
ranked benefits related to site specific attributes which included: Tracking of onsite plant and 
equipment (SD = 1.038; x̄ = 3.95; R = 17); Environmental protection e.g. waste reduction (SD 
= 1.085; x̄ = 3.88; R = 19); Improved workers’ health and safety (SD = 1.146; x̄ = 3.80; R = 
20); Reduced human effort in construction (SD = 1.046; x̄ = 3.76; R = 21) and lastly, Remote 
operation of machinery (SD = 1.182; x̄ = 3.42; R = 22). 
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7.4.2 Discussion  
 
Project-specific benefits  
The findings form the study with regard to what the professionals perceived as beneficial 
factors associated with the adoption of digitalisation in the construction industry were more 
frequently linked to factors such as improved information storage and retrieval, better financial 
control and monitoring, efficient communication, effective project monitoring and control, 
improved quality and the reduction of errors.  With reference to the factor analysis conducted, 
the most beneficial factors are project-specific benefits. Project-specific benefits ensure that 
the project succeeds with regard to project delivery within the budgeted amount, within 
programme and with superior quality. This furthermore correlates with the study conducted by 
Hlahla (2013:23) who noted that through the implementation of digital technology; storage and 
access to information, tracking, and the level of security can be improved, resulting in efficient 
coordination and improved customer relations through enhanced communication. Moreover, 
Alaghbandrad et al. (2011: 280) also stated that cloud-based storage systems allow simple 
storage and access of large amounts of information at any location.  
The study findings are also in agreement with those of Sekau (2012) who highlights one of the 
benefits of digitalisation as its ability to reduce project costs which results in increased revenue. 
Issa (2002:17) also makes reference to the notion that digital tools enable faster and real time 
communication where all parties in a project are kept updated regarding budgets, programmes 
as well as procurement information. Furthermore, digitalisation facilitates simple and quick 
monitoring and collection of information for the maintenance of machinery and buildings. This 
was noted by Ahmad and Perkinsons (2006:4) and is in line with the findings of this study. 
This study further revealed efficient project monitoring and control as well as improved quality 
as the top beneficial factors that are associated with the introduction of digital tools into the 
construction process. This is in line with theoretical data as Ikediashi and Ogwueleka 
(2016:255) are of the opinion that through the use of technology such as video conferencing 
and electronic mail, communication among project team participants has improved and more 
programs have been developed to make documents more electronic for quicker monitoring and 
reporting.  
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Company-specific benefits 
Other benefits that the data revealed highlighted benefits that support the progress of the 
construction company as a whole. For example, the data indicated quicker project delivery as 
one of the highly ranked positive attributes linked to the use of technology in the construction 
industry. This finding agrees with the study conducted by Kamaruddin et al. (2015:118) as they 
stated that the adoption of automation within processes improves construction programs. 
Additionally, the findings reveal that digitalisation uptake will draw young people to the 
industry which is also highlighted by Paraskeva (2008:147) and UKCES (2013:3), as they are 
of the opinion that since the building sector has an ageing workforce and is socially tainted, the 
use of technology will have a rejuvenating effect that will attract young employees who have 
become dependent on digital tools. Furthermore, Klink et al. (2008:2, Oke et al. (2018:3),) and 
Ullah et al. (2019:297) indicated the efficacy of efficient communication which technology 
promotes by its ability to facilitate real time communication through applications such as 
Skype.  
Site-specific benefits 
The least beneficial factor as a component of the factor analysis conducted revealed that digital 
tools have the least effect at site level, as the least scored beneficial aspects were site-specific. 
The remote operation of machinery, reduced effort in construction, improved workers’ health 
and safety and environmental protection in terms of waste management were not highly 
perceived as aspects that can be enhanced by the adoption of technology in the construction 
sector in South Africa. The findings therefore are in contradiction with the study by Salento 
(2017:6) who highlighted the efficiency of being able to control processes and machines 
remotely. His opinion was that the interconnection between machines eliminates work 
boundaries. However, the empirical data contradicted this idea.  
7.4.3 Implications of findings 
 
Digital tools are still used for basic functions in the South African construction industry. This 
is matched by what professionals view as beneficial aspects of incorporating technology in 
their respective fields. Devices are primarily utilised for communication, storage and retrieval 
of information. This function makes it quicker to track projects and communicate reports while 
automatically recording proof of what was communicated. However, more intrinsic digital 
functions are still very new or unknown to construction professionals such as IoT for the remote 
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control of machines and robots to reduce the efforts required for hard labour, thereby improving 
workers’ health and safety and prolonging their working life in the construction industry. There 
is lack of information regarding the technologies available to drive digitalisation. Moreover, a 
variety of functions that technology can perform to reduce costs and improve productivity will 
be difficult to realise with this lack of information.  
7.5 RESEARCH QUESTION 4 
 
What are the critical risk factors associated with digitalisation in the South African construction 
industry? 
7.5.1  Findings  
 
Through a thorough scrutiny of the data received, the listed risk factors were ranked from 
highest to lowest using the mean value (x̄) and the corresponding standard deviation. The study 
revealed that the most critical risk factors associated with digitalisation in the South African 
construction industry were operational risk factors. These included Lack of required technical 
skills (SD = 0.972; x̄ = 3.62; R = 2); Requirement of additional costs (SD = 1.083; x̄ = 3.59; R 
= 3); and Implementation failure (Inadequate change management) (SD = 1.024; x̄ = 3.32; R = 
8). Additionally, the data revealed that technology uptake would have a negative socio-
economic effect. This pertains to the following rankings: Increase in unemployment (SD = 
1.187; x̄ = 3.69; R = 1); Increased industry competition (SD = 1.072; x̄ = 3.54; R = 5); Clashes 
with existing company policies and operations (SD = 1.104; x̄ = 3.29; R = 12); and Protests 
(Technology rejection) (SD = 1.125; x̄ = 3.19; R = 13).  
Technological risk factors that were revealed from the factor analysis included Loss of 
interpersonal communication skills (SD = 1.175; x̄ = 3.45; R = 6); System software failure (SD 
= 1.100; x̄ = 3.32; R = 9); System hardware failure (SD = 1.061; x̄ = 3.31; R = 10); and 
Complacency overreliance on gadgets (SD = 1.078; x̄ = 3.30; R = 11). Lastly, the least critical 
risk factors in the respondents’ opinions were Work overload (SD = 1.171; x̄ = 2.94; R = 20); 
Negative returns on investment (SD = 1.014; x̄ = 2.77; R = 21); Productivity loss (SD = 1.249; 
x̄ = 2.66; R = 22); and Personal injury (SD = 1.279; x̄ = 2.60; R = 23). 
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7.5.2 Discussion 
 
Operations risk factors  
Operation risk factors are termed by Colman (2011:1) as “…the business risk of loss resulting 
from inadequate or failed internal processes, people, systems, or from external events”. These 
all contribute to aggregate financial losses incurred by a company. 
The findings revealed that lack of technical skills, requirement of additional costs and 
implementation failure/inadequate change management were critical risk factors associated 
with digitalisation in the South African construction industry. The empirical data mirrored 
findings by Neumann (2017:102) who opined that the issue with digitalisation does not lie with 
the scarcity of tools available to cater to construction needs and shortfalls. The actual gap that 
prevents the wide and successful implementation of digital technology in the construction 
industry is the lack of people with the required skills and who are competent enough to run and 
maintain these tools. Also, pertaining to the African continent, Edoho (2013: 25) mentioned 
that to achieve success with digitalisation, a strong basis needs to be built regarding technical 
ICT skills.  A scarcity of professionals exists in Africa who are trained as analysts, 
programmers, maintenance experts and consultants of technology in the construction industry. 
Furthermore, too many software merchants omit in most cases to advise investors of the 
extra/hidden costs that need to be factored in additionally to the actual cost of digitalisation. 
The installation of software requires licences that are paid for monthly or renewed on an annual 
basis. This is over and above the fact that more often than not, employees need to be trained to 
use newly implemented tools (Oyediran, 2005:5). Additionally, the adoption of technology 
within a company calls for an IT technician or an IT department, depending on the 
implementation scale. These are all additional costs that would have not been required prior to 
digitalisation. 
Another operational risk is the implementation failure from inadequate change management. 
This finding agreed with the views of Henderson and Ruikar (2010) and Gustavsson and Vass 
(2017:598). They mentioned that the lack of innovativeness in the construction sector is 
incorrectly linked to the technology itself; what is not noted is that digitalisation should not be 
treated like a plaster to cover the wounds caused by traditional working methods. Digital 
transformation requires the uprooting of traditional methods by getting employees involved, 
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by teaching, training and mental preparation. This highlights the importance of change 
management.  
 
Socio-economic risk factors 
The findings of the study revealed that increase in unemployment, increased industry 
competition, protests (technology rejection) and the potential for digitalisation to clash with 
existing company practices and operations were high risks. 
The shedding of jobs is mostly the first aspect linked to the increased use of technology in 
business as also deduced from the empirical data. This finding is in line with Mzekandaba and 
Pazvakav (2018) who discussed a PWC report that revealed that a third of jobs in South Africa 
are at risk of complete obsolescence: as digitalisation becomes widespread, tasks of a 
monotonous and repetitive nature are likely to be replaced by machines. Le Roux (2018:1) and 
West (2015:2) mentioned that seeing that digital tools are increasingly able to mimic human 
behaviour, not only will the basic blue-collar jobs be replaced, but white-collar jobs are also at 
risk.  
Furthermore, the construction industry is described an economically cyclical industry, and is 
now in a trough as a result of a variety of factors, including reduced public sector spend on 
infrastructure development. What is resultant from this is contractors and consultants procuring 
work at low margins to keep businesses afloat. The increase in industry competition is a 
negative factor relative to the current state in which the industry finds itself. Digitalisation 
opens up the market to individuals who would have previously been deprived, resulting in an 
oversaturation of contractors bidding for the same projects and under-pricing. This is 
detrimental to the success of any project, which is also noted by Holopainen and Jokikaarre 
(2016:4). 
No one should ignore the fact that driving digitalisation in the South African construction 
industry will be a difficult task. The industry is plagued with disruptions by industrial action 
and riots. Digitalisation plans have the potential to spark strikes should implementation plans 
not be conducted in a thorough manner as workers will almost always see technology as a 
threat to job security. This is paired with an analysis of whether tech tools fit in with existing 
company practices and policies. These findings were similar to those of Li et al. (2016:40). 
They noted that digital tools cause a shift in existing operations and procedures relative to 
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contemporary working methods. The implementation of technological tools will result in more 
work which consequently disrupts the current flow of operations, as found more frequently in 
design companies. 
 
Technological risk factors  
Loss of interpersonal communication skills, system hardware and software failure, 
complacence and overreliance on gadgets, including the potential of technology to infringe on 
person privacy, are factors related to the technology itself. Electronic devices eliminate the 
physical interaction and communication between individuals. This finding is similar to that of 
Jónsdóttir and Zahrandik (2017:5). Another factor that significantly distinguishes digitalisation 
from the use of paper-based processes is that computer, laptops and other digital devices are 
prone to software and hardware failure which affect  production and cost;  as employees 
become accustomed to the use of devices, a complete standstill takes place when systems crash, 
or when there is load shedding.  Likewise, the introduction of technology has made finding 
directions through GPS (global positioning systems) and conducting calculations so simple that 
the ability to think and make mental notes is completely transferred to devices. 
Human and financial risk factors  
According to the empirical data, human and financial risk factors were less of a threat as the 
findings revealed that technology use posed minimum threat with regard to personal injury, 
productivity loss, work overload, negative returns on investment and loss of income. This is in 
contrast to the views of Yaghoubi et al. (2012:115) who stated that the risks associated with 
the uptake of technology were more human prone as opposed to the technology itself. The 
empirical findings also differed in comparison to those of O’Connor and Yang (2004) who 
noted that not all technological implementations have a resultant positive effect on overall cost 
savings. Gaille (2016) and Love et al. (2001:37) also noted the negative effect digitalisation 
has on productivity which the empirical data opposed. Additionally, the findings did not agree 
on a safety perspective posited by Bruckmann et al. (2016:2) who stated a concern regarding 
an environment in which machines and humans interact. Their opinion was that risk exists in 
so far as programmed features not being able to deviate to the extent that people would based 
on natural human instinct. 
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7.5.3 Implications of findings 
 
The construction industry is one of the biggest employers of individuals that are considered to 
be illiterate. The concern grew for these individuals with the introduction of machines that were 
capable of conducting manual and repetitive tasks. However, what is seemingly alarming is the 
fact that machines are becoming ‘smart’, hence the apprehension from construction 
professionals relating to job losses as a result of the successful implementation of digitalisation 
and pertaining to the fact that devices are increasingly able to mimic human behaviour. 
What is also important to note is that the main risks associated with digitalisation in the 
construction industry will mostly affect the core operations of the business such as the 
requirement of additional money not initially factored into digitalisation plans, the requirement 
to train existing and new employees and the fact that new strategies need to be continually 
implemented to keep abreast of competitors who are gaining access to the market by taking 
advantage of digital innovations. 
The adoption of technology attracts a different set of issues that are linked to the technology 
itself, such as hiring IT technicians to handle issues pertaining to forgotten passwords, access 
to non-work-related websites, and system crashes. The legal and security risks related to 
digitalisation are also critical; technology makes information storage and access simple. 
However, this feature also makes data vulnerable to viruses and hackers. These risk factors 
require more attention as opposed to the risks that are linked to how employees and the finances 
of the company perform owing to digitalisation. 
 
7.6 RESEARCH QUESTION 5 
 
What are the practical measures for mitigating these critical risk factors that are associated with 
digitalisation in the South African construction industry? 
7.6.1  Findings  
 
Through a thorough scrutiny of the data received, the mitigation strategies were ranked from 
highest to lowest using the mean value (x̄) and the corresponding standard deviation (SD). The 
study revealed that in the respondents’ opinions, the critical risk mitigation strategies pertained 
more to the acceptance or reduction of risks such as the Promotion of education and training 
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(SD = 0.856; x̄ = 4.21; R = 1); Research and development (SD = 0.863; x̄ = 4.11; R = 2); 
Realistic budget forecasts and planning (SD = 0.962; x̄ = 4.06; R = 3); Adequate change 
management plans (SD = 0.852; x̄ = 4.04; R = 4), and Implementation of data back-ups (SD = 
1.096; x̄ = 4.03; R = 5). Moreover, other mitigation strategies that the data highlighted and that 
the respondents perceived to be the least effective were risk avoidance and risk transfer 
methods. These were public sector intervention (SD = 1.083; x̄ = 3.72; R = 13); Installation of 
surveillance systems (SD = 1.129; x̄ = 3.72; R = 13); Effecting appropriate insurance policies 
(SD = 1.050; x̄ = 3.78; R = 11); Adoption of strategic partnering (SD = 0.870; x̄ = 3.90; R = 
10); and Development of case studies showing potential benefits (SD = 1.006; x̄ = 3.91; R = 
9). 
7.6.2 Discussion 
 
Risk acceptance and reduction 
The finding of this study pertaining to the critical risk mitigation strategies gravitated more to 
risk factors that can either be accepted or reduced with reference to the factor analysis 
conducted.  A conclusion to accept risk is predicated upon an assessment and prediction of the 
extent of risk and then making the decision to accept it. On the other hand, risk can be mitigated 
by reduction as a method of taking precautions to lessen the impact of the occurrence of the 
risk. Education and training, research and development, realistic budget forecasts and adequate 
change management plans are all risk acceptance and reduction strategies that were highly 
regarded by the respondents. 
An increase in unemployment, the requirement of additional costs and lack of skills were risk 
factors that the respondents identified as the most critical and, in their opinion, these can be 
countered by education and training. The theoretical data agreed with this as Chan (2018:1) 
highlighted that “…the other reality is that technology is not just a common understanding. It 
requires a standardization and changing of working culture, processes and procedures not just 
within the contracting entity, but throughout the whole supply chain. This again will call for 
additional training, process alignment and investment.” Moreover, to combat digitalisation 
deficits in Ethiopia, its government encourages students to venture into fields that are 
scientifically and mathematically orientated (Desta, 2018:655). 
The importance of research and development is echoed in the findings of this research as a 
strategy to lessen digitalisation risks. There is minimal attention as well as monetary spent that 
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is dedicated to research and development in the construction industry. Koen and Rust (2011:5) 
reported margins of as low as 0.33% of the GDP that is spent on research and development in 
the construction industry in South Africa. The low usage of digital tools is linked to the lack of 
information about the existence of the available tools; the empirical findings reveal research 
and development as an ideal mitigation strategy. Additionally, seeing that additional costs 
required for digitalisation implementation in the South African building sector are regarded as 
a potential risk associated with technology uptake, realistic budget forecasts and planning fits 
well as a mitigation strategy. This is a finding of this research study and corresponds with what 
Hwang et al. (2003:7) noted, namely that to alleviate risk associated with digitalisation, pilot 
projects need to be executed prior to implementation. Furthermore, digitalisation should never 
be regarded as just an investment; existing systems and methods of operation need to be 
uprooted to cater for the change and this requires thorough planning (Alshawi and Faraj, 
2002:49). 
Risk avoidance and transfer 
The empirical data, however, disagreed with the intervention of the public sector as a way to 
alleviate risk associated with digitalisation in the South African construction industry. 
Including the implementation of surveillance cameras and adoption of strategic partnering are 
contrary to the findings of research conducted by a variety of authors such as Chan and Liu 
(2007:183), Kim and Liteng (2010: 413), Schelenz and Schopp (2018:1412) and Sekai 
(2017:2). Moreover, the findings did not support research and development through case 
studies to assist investors in making informed decisions as suggested by Damian and Yan 
(2008:1). All these are factors that suggest the avoidance and transfer of risk. Risk avoidance 
leads to the evasion of an activity altogether, resulting in the decision to abandon any 
digitalisation plans whereas risk transfer pertains to transferring the risk to another party that 
will cater for all potential repercussions.  
7.6.3 Implications of findings 
 
Section B of the empirical data revealed the lack of information among the respondents 
regarding the digital tools available in the construction industry. Construction professionals 
were content with only using cell phones and computers for various functions and were 
unaware of the more sophisticated tech tools and their functions. Education and training are a 
critical requirement; the increase in awareness drives more room for decision making. It needs 
to be a combined effort between the public and private sector to gather information and educate 
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industry participants about digitalisation and the different digital tool functions. The 
construction industry is undergoing a period where every cent counts and research and 
development funds are strategies that will be pushed back as part of long-term goals. This raises 
an alarm regarding the period it will take for construction professionals to make informed and 
objective decisions regarding digitalisation uptake. 
On the other hand, this research highlighted the lack of confidence among construction 
professionals in South Africa regarding the role or effect that the government will have on 
strategies to implement digital technology in the construction industry. This is a major concern 
since in countries such as China and Germany, the government has played a major role with 
regard to digitalisation strategies and their success. 
In essence the findings of this study reveal that despite the risk factors associated with 
digitalisation implementation, construction professionals are not against its adoption, as risk 
avoidance and transfer were a much lesser option as opposed to risk acceptance and reduction. 
 
7.7 CONCLUSION 
 
In this chapter the respondents’ feedback pertaining to awareness, usage, benefits, critical risks 
and mitigation strategies associated with digitalisation in the South African construction 
industry was analysed and discussed in relation to the research questions, which the findings 
satisfied.  
The next chapter will entail the recommendations of the research study as discussed in line 
with the objectives of the study. 
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CHAPTER EIGHT 
CONCLUSIONS AND RECOMMENDATIONS 
 
8.0 INTRODUCTION 
 
The aim of this research study was to assess the risks associated with digitalisation in the South 
African construction industry. This was done by gathering information regarding the awareness 
of the available digital tools, the uptake of digitalisation, the perceived benefits, the risks as 
well as risk mitigation strategies. This chapter presents the discussion and recommendations of 
the research study. The discussion that follows reveals how this study’s research objectives 
were met. 
 
8.1 RESEARCH OBJECTIVE ONE 
 
The first research objective was to determine the awareness of digital tool by construction 
professionals in the South African construction industry. It was noted from the literature the 
various digital tools that can be used in the construction industry. These included computers 
(laptops/desktops), mobile phones, CAD (computer aided design), Dropbox/ cloud computing/ 
WeTransfer, BIM (building information modelling), biometric devices, drones /UAVs, 3D 
printing/additive manufacturing, sensors / RFID, robots and automated machinery, big data 
analytics, visual digital technologies (VR, AR & MR), Internet of things, artificial intelligence 
and machine learning. 
The findings revealed that computers (laptops / desktops), mobile phone, Dropbox/ cloud 
computing/WeTransfer, Internet of things, CAD (Computer aided design) and BIM (building 
information modelling) were the tools with which the respondents were more familiar. On the 
other hand, the respondents were unaware of digital tools that were not accessed through a cell 
phone or computer such as artificial intelligence and machine learning, big data analytics, 
robots and automated machinery, sensors / RFID, drones /UAVs, visual digital technologies 
(VR, AR & MR), biometric devices and 3D printing/additive manufacturing. In this sense, the 
research objective was achieved. 
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8.2 RESEARCH OBJECTIVE TWO 
 
The second research objective was to assess the level of digitalisation uptake in the South 
African construction industry. 
The literature listed the various tool available and presented information about the level of 
usage of the tools by construction professionals in Gauteng, South Africa. The list of tools 
included computers (laptops / desktops), mobile phones, CAD (computer aided design), 
Dropbox/ cloud computing/WeTransfer, BIM (building information modelling),biometric 
devices, drones /UAVs, 3D printing/additive manufacturing, Sensors / RFID, robots and 
automated machinery, big data analytics, visual digital technologies (VR, AR & MR), Internet 
of things, artificial intelligence and machine learning. 
The data collected through the questionnaire survey revealed that the most used tools were 
computers (laptops / desktops), mobile phone, Dropbox/ cloud computing/WeTransfer, 
Internet of things, CAD (Computer Aided Design) and BIM (building information modelling). 
However, technology such as artificial intelligence and machine learning, big data analytics, 
robots and automated machinery, sensors / RFID, drones /UAVs, visual digital technologies 
(VR, AR & MR), biometric devices and 3D printing/additive manufacturing were the least 
used, Mainly owing to the fact that the professionals were not aware of these technologies and 
how they can be used within the construction industry. Therefore, from the reviewed literature 
and the data collected from the questionnaire, the second research objective was fulfilled. 
 
8.3 RESEARCH OBJECTIVE THREE 
 
The third research objective was to assess the perceived benefits of digitalisation of the South 
African construction industry. 
Information gathered from existing literature noted the various positive outcomes that can be 
gained from the implementation of digitalisation in the construction industry. These included 
improved information storage and retrieval, better financial control and monitoring, reduction 
of errors, improved quality, environmental protection e.g. waste reduction, reduced cost of 
doing business, effective online procurement, optimised productivity, work flexibility (remote 
141 
 
working) and reduced human effort in construction. Other benefits included the improved 
workers’ health and safety, tracking of on-site plant and equipment, remote operation of 
machinery, design freedom e.g. geometrical architectural designs, effective project monitoring 
and control, quicker project delivery and efficient communication. Moreover, some studies 
mentioned elimination of time and space barriers, increased opportunities of collaboration, 
simplified decision-making, improved information storage and retrieval, enhanced service 
delivery, proactive problem- solving and drawing young people to the industry as benefits that 
are associated with digitalisation.  
Of the benefits listed, the respondents identified improved information storage and retrieval, 
better financial control and monitoring, efficient communication, effective project monitoring 
and control, improved quality, reduction of errors, optimised productivity and work flexibility 
(remote working) as the top most beneficial aspects related to the adoption of technology in 
the South African construction industry. From this is noted that the adoption of technology will 
enhance the manner in which projects are delivered. On the other hand, digitalisation will less 
likely influence site operations in the intended manner with the use of tech tools as remote 
operations of machinery, reduced human effort in construction and improved workers’ health 
and safety were not regarded as critical benefits. In this sense the third research objective has 
been met. 
8.4 RESEARCH OBJECTIVE FOUR 
 
The fourth research objective and also the basis of the study was to determine the critical risk 
factors associated with the digitalisation of the South African construction industry. 
From the relevant literature it was important to examine digitalisation barriers and to acquire 
information regarding negative ramifications following the successful implementation of 
digitalisation within the construction industry.  The identified risks were negative returns of 
investment, requirement of additional costs, implementation failure (inadequate change 
management), lack of required technical skills, human error, increase in unemployment, work 
overload, productivity loss, complacency (overreliance on gadgets) and personal injury. 
Furthermore, the literature revealed digitalisation to have the potential regarding infringement 
of privacy effects and  the occurrence of system hardware failure, system software failure, 
protests (technology rejection), loss of interpersonal communication skills, loss of income, 
clashes with existing company practices and operations, increased industry competition, legal 
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risks, obsolescence, data security/cyber-attacks, asset management risk, loss of equipment or 
devices and compliance violations with public sector practices and operations. 
The five main risk factors identified were operational, socio-economic, technological, law- and 
security-related and those that affected human and financial factors. The results of this study 
indicated that digitalisation plans will disrupt company operations with regard to the lack of 
skills required to manage and use digital tools. This draws upon the requirement for funds 
dedicated to the education and training of existing staff. Moreover, on a socio-economic basis, 
the adoption of technology will increase the level of unemployment in the country. Also, an 
increase in industry competition forces a drop in profit margins which often happens with 
contractors bidding for work. The study also noted risks related to the technology itself such 
as the loss of interpersonal communication skills from constantly working with people 
remotely and rarely interacting with them in a physical manner. Additionally, the study 
highlighted the risk involved in confidential company data being vulnerable to hackers through 
cloud storage networks.  Lastly, the risks pertaining to people and finances such as the effect 
of technology on productivity and returns on investment were not regarded as critical. It can 
therefore be concluded from this that the research objective was achieved from the data 
collected. 
8.5 RESEARCH OBJECTIVE FIVE 
 
The final research objective was to determine the practical measures for mitigating the critical 
risk factors associated with the digitalisation in the South African construction industry. 
The secondary data indicated methods to mitigate the critical risk factors that are attracted by 
the implementation of digitalisation in the South African construction industry. The methods 
identified were the application of realistic budget forecasts and planning, adequate change 
management plans, vocational experience, skills transfer, re-skilling, research and 
development, education and training and the implementation of data back-ups among others. 
The findings from the questionnaire were more inclined to the acceptance and/or reduction of 
risks associated with digital technology uptake such as education and training, the injection of 
funds purely dedicated to the research and development of digital technology, the prediction of 
realistic budget forecasts, planning around the effect technology will have on existing 
operations and what it will cost to make sure that the organisation is prepared for it. Moreover, 
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mental preparation is key together with the piecemeal adoption of technology and ensuring that 
adequate data back-ups are put in place to secure important data storage. 
The findings leaned least to the avoidance and transfer of risk as a mitigation strategy. This 
was linked to the fact that the adoption of better updated contractual guidelines, the adaption 
of regulations and policies, and the development of case studies showing potential benefits 
were the risk mitigation strategies identified with the least conviction. Furthermore, it is worth 
noting that the findings revealed that digitalisation risks will be alleviated the least by the 
installation of surveillance cameras and by having the public sector on board to assist with 
implementation plans. On this basis, it can therefore be concluded that the research objective 
was achieved. 
8.6 GENERAL RESEARCH CONCLUSIONS 
 
The main aim of this research study was to identify the risk factors associated with 
digitalisation in the South African construction industry and then recommend ways in which 
these risk factors can be mitigated. This is part of a bigger plan to drive wide digitalisation 
implementation in the South African construction industry by eliminating the risks. Risks need 
to be identified before they can be mitigated. 
Through the reviewed literature various tools available to the construction industry were 
identified together with the observation that the construction industry is rather slow when it 
comes to the uptake of digital technology. The finding of this study supported this fact because 
although there is digitalisation in the South African construction industry, the uptake only 
extends to applications and functions that work and can be accessed through computers and 
mobile phones as opposed to the use of drones, robots, augmented reality, 3D printing and the 
like. 
The study also revealed the benefits that can be gained from the use of technology in the 
construction industry.  Additionally, the study identifies the areas in which the benefits will be 
found according to the three factors. It has been identified that digitalisation uptake will provide 
project-specific and company-specific positive attributes as well as site-specific benefits. 
Furthermore, the finding of this study supported other research material with regard to the risks 
associated with digitalisation in the South African construction industry. However, on the 
assessment of these risks, this study broadens and adds to this body of knowledge as five factors 
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were identified, thereby giving more depth to the risks associated with digitalisation in the 
South African construction industry. 
The study further establishes mitigation strategies to counter the negative effects that 
digitalisation may attract within the construction industry in South Africa and leans more to 
risk acceptance and reduction such as education and training and research and development 
and the establishment of realistic budget forecasts. However, the study leans less on the 
avoidance and transfer of the risks involved, for example, the adoption of strategic partnering, 
the installation of surveillance cameras and public sector intervention. It can be deduced that 
the construction industry in South Africa is in favour of digitalisation and would rather deal 
with the inherent risks as opposed to avoiding them altogether. 
 
8.7 RECOMMENDATIONS 
 
This research assessed critical risk factors associated with digitalisation in the South African 
construction industry. This was done firstly by evaluating the level of technology uptake. The 
study then highlighted the benefits of technology uptake to gauge the extent of knowledge 
available regarding what technology is able to do for the industry. Next, the risks involved were 
ascertained; it is important to note that gathering information about risks is a critical step for 
any strategy. Lastly, mitigation strategies were proposed since the main aim of highlighting 
risks is to implement a proactive method towards the adoption of technology in the South 
African construction industry. Therefore, the following recommendations are offered: 
 Through the expansion of research in the construction industry of South Africa, 
education through seminars and workshops, industry professionals need to be generally 
informed about technology in the construction industry beyond mobile phones and 
computers. There is a significant lack of information in this regard. Once this is 
achieved, conversations about technology will be more informed. Moreover, the use of 
digital tools should be part of the training provided as part of the higher education 
curriculum. 
 Sufficient planning mechanisms need to be incorporated in order to predict accurate 
budget forecasts regarding what a digital transformation should cost and how to deal 
with the inherent expenses. 
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 Digital technology should be taken in bite sizes since the complete replacement of tasks 
with machines will exacerbate the socio-economic issues of this country. 
 Re-skilling will counter the effects of job losses in areas where certain functions are at 
the risk of obsolescence. Companies should provide funds to educate and train staff for 
alternative skill sets when tasks are replaced by machines. 
 
8.8 RECOMMENDATIONS FOR FURTHER RESARCH 
 
This research study makes the following recommendation for further research: 
 The findings of the study revealed company operations as well as socio-economic risk 
factors to be the most critical, it is therefore recommended that further research should 
lean more towards investigating ways in which these risk aspects can be mitigated. 
 It is recommended that studies be conducted to establish how contractual guidelines 
and the adaptation of existing regulations and policies will assist in reducing the risk 
associated with digitalisation uptake in the South African construction sector. 
 Finally, the best ways to predict future life-cycle costs of digitalisation implementation 
should be investigated. 
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APPENDIX 1: Cover Letter 
 
 
 
 
University of Johannesburg  
Department of Construction Management and Quantity Surveying 
Doornfontein, 2028                          
2019.                                                        
Dear Sir/Madam 
LETTER OF INVITATION FOR RESEARCH SURVEY  
The Department of Construction Management and Quantity Surveying at the University of Johannesburg, 
Doornfontein campus, South Africa, is undertaking a research project on the following topic: ASSESSMENT 
OF RISK ASSOCIATED WITH DIGITALISATION IN THE SOUTH AFRICAN CONSTRUCTION 
INDUSTRY 
 
To this end, we kindly request that you complete the following short questionnaire. Answering this questionnaire 
will take approximately 10 minutes. 
Please do not enter your name or contact details on the questionnaire. It remains anonymous. Information 
provided by you remains confidential and will be kept at the Department.  
Should you wish to know the findings of the research, you are welcome to contact T Meno telephonically at: 
+27828306540 or at: tsholomeno@gmail.com. The Faculty will gladly send you a summary of the results. Please 
answer the questions TRUTHFULLY AND SINCERELY so as to help us improve the management of contracts 
in South Africa.  
Thanking you in advance  
 
T MENO 
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APPENDIX 2: Questionnaire 
 
QUESTIONNAIRE ON THE ASSESSMENT OF RISK ASSOCIATED WITH DIGITALISATION IN 
THE SOUTH AFRICAN CONSTRUCTION INDUSTRY 
INSTRUCTIONS: 
PLEASE ANSWER THE FOLLOWING QUESTIONS BY CROSSING (X) ON THE RELEVANT 
BLOCK  
Example of how to complete this questionnaire: 
Your gender?  If you are female: 
Male 1 
Female 2 
 
SECTION A: BACKGROUND INFORMATION 
This section of the questionnaire refers to background or biographical information. Although we are aware of the 
sensitivity of the questions in this section, the information will allow us to compare groups of respondents. Once 
again, we assure you that your response will remain anonymous. Your cooperation is appreciated. 
1. Gender 
Male 1 
Female 2 
2. What is your age group? 
18 years – 25 years 1 
26 years – 35 years 2 
36 years – 45 years 3 
46 years – 55 years 4 
Older than 55 years 5 
3. What is your profession? 
Architect 1 
Quantity Surveyor 2 
Engineer  3 
Construction Manager 4 
Construction Project Manager 5 
Other - Specify: 6 
4. What is your highest educational qualification? 
Grade 12 (Matric, std 10) 1 
Post-Matric Diploma or Certificate 2 
Baccalaureate Degree(s) 3 
Post-Graduate Degree(s) 4 
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5. In which of the following categories would you describe your company? 
Investor / Developer 1 
Main Contractor 2 
Sub-Contractor 3 
Other – Specify: 4 
6. How many years of experience do you have in the construction industry? 
0 – 5 years 1 
6 – 10 years 2 
11 – 15 years 3 
16 – 20 years 4 
More than 20 years 5 
SECTION B: LEVEL OF DIGITALISATION UPTAKE IN THE SOUTH AFRICAN CONSTRUCTION 
INDUSTRY 
This section assesses the level of digitalisation uptake within the South African Construction Industry 
 
Please note that the term digitalisation includes, but is not limited to Automation, Robotics, Information and 
Communication Technology etc. 
 
Please indicate your awareness of the following tools being used within the South African construction industry 
using the following scale:  
1- Not at all aware; 2-Slightly aware; 3-Somewhat aware; 4-Moderately aware; 5-Extremely aware 
 
 
7. To what extent are you aware of the under-listed digital technologies being used in the South African 
Construction Industry?  
 
 
Digital technologies 
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1 Mobile Phone      
2 Computers (Laptops / Desktops)      
3 Robots / Automated machinery      
4 
BIM (Building information 
modelling) 
     
5 CAD (Computer aided design)      
6 
Dropbox/ Cloud computing 
/WeTransfer etc. 
     
7 Virtual reality/ Augmented reality      
8 
Artificial intelligence / Machine 
learning 
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 Digital technologies 
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9 Biometric Devices      
10 
Wireless Sensors / Radio Frequency 
Identification (RFID) 
     
11 Drones      
12 3D Printing      
13 
Machine to machine communication 
(IoT) /Smart objects or machinery 
     
14 Big Data analytics      
LEVEL OF DIGITALISATION USAGE IN THE SOUTH AFRICAN CONSTRUCTION INDUSTRY  
       This section assesses the level of digitalisation usage within your company 
 
Please indicate the frequency of usage of the following tools within your company using the following scale:  
1- Never; 2-Almost never; 3-Sometimes; 4-Almost every time; 5-Every time 
 
8. To what extent do you use the following tools within your company? 
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1 Mobile Phone      
2 Computers (Laptops / Desktops)      
3 Robots / Automated machinery      
4 BIM (Building information modelling)      
5 CAD (Computer aided design)      
6 Dropbox/ Cloud computing/WeTransfer etc.      
7 Virtual reality/ Artificial intelligence      
8 Biometric Devices      
9 Autonomous vehicles with sensors      
10 Drones      
11 3D Printing      
12 
Machine to machine communication (IoT) 
/Smart objects or machinery 
     
13 Internet of Things      
14 Big data analytics      
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SECTION C: BENEFITS ASSOCIATED WITH THE UPTAKE OF DIGITAL TECHNOLOGY:  
This section assesses the benefits of digitalisation in the South African Construction Industry  
Please indicate the extent to which the following are benefits of digitalisation using the following scale:  
1- To no extent; 2-Small extent; 3-Moderate extent; 4-Large extent; 5-Very large extent 
9. To what extent are the following characteristics benefits of digitalisation in the South African Construction 
Industry? 
 
 
 
 
 
 
Benefits associated with digitalisation 
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1 Better financial control and monitoring      
2 Reduction of errors      
3 Improved quality      
4 Environmental protection e.g. Waste reduction      
5 Reduced cost of doing business      
6 Effective online Procurement      
7 Optimised productivity      
8 Work flexibility –remote working      
9 Reduced human effort in construction      
10 Improved worker’s health and safety      
11 Tracking of on-site plant and equipment      
12 Remote operation of machinery      
13 Design freedom e.g. geometrical architectural designs      
14 Effective project monitoring and control      
15 Quicker project delivery      
16 Efficient communication      
17 Eliminates time and space barriers      
18 Increased opportunities of collaboration       
19 Simplified decision making      
20 Improved information storage and retrieval      
21 Enhanced service delivery      
22 Proactive problem solving      
23 Draws young people to the industry      
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SECTION D: CRITICAL RISK FACTORS ASSOCIATED WITH DIGITALISATION  
This section assesses the risks associated with the adoption of digitalisation in the South African Construction 
Industry  
Please indicate the extent to which the following are risks using the following scale:  
1- To no extent; 2-Small extent; 3-Moderate extent; 4-Large extent; 5-Very large extent 
10. To what extent are the following critical risk factors associated with the digitalisation of the South African 
construction industry? 
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 Endogenous  
1 Negative returns of investments      
2 Requirement of additional costs      
3 
Implementation failure (Inadequate change 
management) 
     
4 Lack of required technical skills      
5 Human error      
6 Increase in unemployment      
7 Work overload      
8 Productivity loss      
9 Complacency – overreliance on gadgets      
10 Personal injury      
11 Infringement of privacy      
12 System Hardware failure      
13 System Software failure      
14 Protests (Technology rejection)      
15 Loss of interpersonal communication skills      
16 Loss of income      
17 
Clashes with existing company practices and 
operations 
     
 Exogenous      
18 Increased industry competition      
19 Legal risks      
20 Obsolescence      
21 Data security/ Cyber attacks      
22 
Asset management risk –loss of equipment or 
devices  
     
23 
Compliance violations with public sector practices 
and operations 
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SECTION E: PRACTICAL MITIGATION STRATEGIES FOR RISK ASSOCIATED WITH 
DIGITALISATION: 
 This section assesses the risks’ mitigation strategies associated with the adoption of digitalisation in the South 
African Construction Industry  
Please indicate the extent to which the following are risk mitigation strategies using the following scale:  
1- To no extent; 2-Small extent; 3-Moderate extent; 4-Large extent; 5-Very large extent 
11. To what extent do you consider the following as practical measures for reducing the critical risk factors 
associated with digitalisation in the South African Construction Industry? 
 
 
 
 
 
 
Mitigation strategies for digitalisation risks 
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1 Realistic budget forecasts and planning      
2 Adequate change management plans      
3 Vocational experience      
4 Skills transfer      
5 Re-skilling      
6 Research and Development      
7 Education and training      
8 Implementation of data back-ups      
9 Adaptation of regulations and policies      
10 
The development of case-studies showing 
potential benefits 
     
11 Effecting appropriate insurance policies      
12 Adoption of strategic partnering      
13 Better- updated contractual guidelines      
14 Installation of surveillance systems      
15 Public sector intervention      
Thank you for your co-operation in completing this questionnaire. 
 
 
